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LIST OF BUREAU OF MINES 
PUBLICATIONS AND ARTICLES 
January 1, 1960, to December 31, 1964 
With Subject and ~uthor Index 
by 
Rita D. Sylvester 1 
Introduction 
T
HE BuREAU OF MINES was estab-
lis4ed in the public interest to conduct 
inquiries and scientific and technologic in-
vestigations concerning mining and the prepa-
ration, treatment, and utilization of mineral 
substances; to promote health and safety in the 
mineral industries; to conserve mineral re-
, sources and prevent their waste; to further eco-
nomic development; to increase efficiency in 
the mining, metallurgical, quarrying, and other 
mineral industries; and to inquire into the eco-
nomic conditions affecting these industries. 
The organic act of the Bureau, as amended by 
Congress and approved February 25, 1913, made 
it the province and duty of the Bureau to "dis-
seminate information concerning these subjects 
'in such manner as will best carry out the pur-
poses of this Act.'" 
, In accordance with that directive, the Bureau 
reports the findings of its research and investi-
gations in its own series of publications and also 
in articles that appear in scientific, technical, 
and trade journals; in proceedings of conven-
tions 'and seminars; in reference books; and in 
other non-Bureau sources. The number of these 
reports, the wide range of subjects they cover, 
and the variety of mediums in which therap-
pear make the kind of list and index presented 
in this special publication both necessary and 
valuable. This issue describes Bureau reports 
and articles published during the period Janu-
ary 1, 1960 to December 31, 1964. It, supple-
ments the 50-year list of Bureau publications 
issued from July 1, 1910, to January 1, 1960,2 
and the 50-year list of articles by Bureau au-
thors published outside the Bureau from 
July 1, 1910, to January 1, 1960.3 It super-
sedes the annual lists of Bureau pUblications 
and articles from January 1 to December 31, 
1960,4 from January 1 to December 31, 1961,5 
from January 1 to December 31, 1962,6 and 
from January 1 to December 31, 1963.7 The 
leading general and teclmical libraries of the 
United States maintain files of the Bureau's 
publications. A list of these libraries appears 
immediately following this introduction. 
BUREAU PUBLICATIONS 
Because some series of Bureau reports con-
tain both free and sales publications, and be-
cause the cost of sales publications varies, prices 
are indicated in the individual listings of all 
publications for which charges are made. 
1 Editor; Division of Publication Services, Bureau of Mines, 
Washington, D.C. 
2 Obtainable from Superintendent of Documents, U.S. Gov-
ernment Printing Office, Washington, D.C., 20402. (Price, 
$4.25.) 
1 
Sales publications of the Bureau of Mines 
can be obtained from the Superintendent of 
Documents, U.S. Government Printing Office, 
Washington, D.C., 20402, to whom orders should 
be sent direct. Remittances for such publica-
3 See footnote 2. (Price, $1.75.) 
4 See footnote 2. (Price 60 cents.) 
5 See footnote 2. (Price, 60 cents.) 
6 See footnote 2. (Price 60 cents.) 
7 See footnote 2. (Price, 60 cents.) 
tions'may be by money order or check or by 
coupons, sold in sets of 20 for $1 and good until 
used. Do not send postage stamps. Remit-
tances from foreign countries should be made 
by international money order, or draft on an 
American bank, payable to the Superintendent 
of Documents. 
Free publications of the Bureau of Mines can 
be obtained from the Publications Distribution 
Section, Bureau of Mines, 4800 Forbes Avenue, 
Pittsburgh, Pa., 15213. (Beoause of the limited 
editions, only one oopy of any free publioation 
oan be sent to the person applying and only a 
few different publioations to anyone applioant.) 
The following series or types of publications are' 
listed in this directory: 
Bulletins describe major Bureau investiga-
tions or studies that are considered to have 1?er-
manent value. Usually a Bulletin descrIbes 
research that has been completed, but sometimes 
one is issued on completion of a significant part 
of the research. 
Speoial Publioations include comprehensive 
lists of Bureau pUblications and lists of articles 
published outside the Bureau. 
Handbooks are special manuals issued as 
guides to practices recommended by the Bureau 
in pro:rp.oting safety and ,efficiency in the min-
eralindustrIes and in the use of mineral 
products. 
Miners' Oiroulars are safety publications pre-
pared primarily for miners but also valuable 
for supervisory officials. They describe meth-
ods of preventing accidents, safe use of equip-
ment and materials, first-aid and mine rescue 
procedures, protective measures against mine 
gases, 'and prevention of disease. 
Mineral Yearbooks-annual statistical vol-
"urnes of the Bureau~review' the rilinera,l indus-
tries in the U nitedStates and foreign countries; 
'contain official Government statistics on metals, 
minerals, and mineral products; and include 
factual accounts of economic and teclmologic 
developments and trends. Published in four 
,volumes, any of which, as well as preprints of 
individual chapters, may be obtained from the 
Superintendent of Document') at the prices 
quoted. 
Sohedules describe the procedures and meth-
ods followed by the Bureau in testing materials 
and equipment to determine their permissibility, 
for use by the mineral industries. 
Oooperative publioations describe research 
work conducted cooperatively with State de-
'partrrients of geology or mines, universities and 
colleges, industries, or other recognized organi-' 
zations and are issued by the cooperating 
,agency. The list should be consulted regarding 
2 
prices and the method of procuring such reports. 
Annual Report of the Direotor is first printed 
in the Annual Report of the Department, which 
is submitted by the Secretary of the Interior 
to the President. It summarizes the overall 
program of the Bureau during the fiscal year 
covered and indicates future plans. 
Reports of Investigations describe the prin-
cipal features and results of minor investiga-
tions or phases of major investigations, thus 
keeping the mineral industries and the public 
adVised on the "progress of original research. 
Information Oiroulars are easily understood 
digests designed primarily for compilations, re-
views, abstracts, and discussion of virtually all 
activities and developments in the minerals in-
dustries. One of their important uses is to pro-
vide concise information for replies to inqUlries 
received by the Bureau. 
, Mineral Industry Surveys cover a wide 
variety of timely statistical and economic re-
ports designed to keep the public, particularly 
the business community, and Government agen-
cies regularly informed of trends in the produc-
tion, distribution, stocks, and consumption of 
approximately 100 different mineral commodi-
ties, including the several mineral fuels. These 
surveys, prepared by various commodity 
specialists, are issued at weekly, monthly, 
quarterly, or at other regular intervals, de-
pending on the need for current data. ,In 1962 
Mineral Market Reports (MRS), Petroleum 
Products Surveys (PPS), Health and Safety 
Surveys (HSS), and certain Information Cir-
cnlars dealing' with the mineral fuel industry 
were combined with this series. ,'; 
Foreign Mineral Reports are issued to assIst 
domestic producers and consumers to' keep 
abreast of developments in the' mineral indus-
tries and markets abroad and to provide a sum-
mary or brief inventory of significantinforma-
tion from U.S. Fo:r;eign Service offices and ,other 
sOli.rces, which may otherwIse not be available 
to the general public'. . , ,',' 
Although the material in the categories that 
follow is not published by the Bur~au of Mines, 
it is listed in this publication as a service to 
those interested: 
Open-File Reports are unpublished reports 
that are available for reference at certain Bu-
reau offices and libraries. See the list of reports 
for information on where they are available. 
Outside Publioation8 are articles by Bureau 
authors that are published in the technical 
press, in proceedings of meetings, and in books. 
Patent8 issued to Bureau personnel since Jan-
uary 1,1960, are listed, with instructions on how 
to apply for permission to use such patents. 
LIBRARIES 
Uneler provisions of the law, certain libraries 
are designated by Congress as depositories for 
printed publications issued by the Government 
agencies. Through them, various documents 
printed by the Government Printing Office are 
,made available to residents of every State. 
are available from the Superintendent of 
, Documents or the Bureau. 
In the United States some libraries maintain 
complete files of Bureau reports; others carry 
only selected series or classes. The followin:g 
list contains the names and locations of the 
depository libraries (indicated by D in paren-
theses) and some other libraries receiving 
various series of reports and documents issued 
by the Bureau. of Mmes. The figures i:r:t p:;tr~n­
theses, followIng the names of the lIbra/rles, 
indicate the type of Bureau publications gen-
erally received on a regular basis by each 
Distribution of printed publications is made by 
the Superintendent of Documents. ' 
Many of these depository libraries and other 
general and technical libraries also receive 
multilithed publications of the Bureau of 
Mines, particularly the Re~orts of Investiga-:-
tions and the Information :Circulars, which are 
distributed mainly by the Buteau. 
Libraries maintaining a file of Bureau of 
Mines publications are the best sources for 
reports published by the Bureau when the 
publications are out of print or copies no longer 
library. They are: ' 
(1) Reports of Investigations and Infor-
mation Circulars. 
(2) Bulletins. 
(3) Minerals Yearbooks. 
State City 
Alabama______________ Aubu~n _____________ _ 
Birmingham _________ _ 
Mobile ______________ _ 
University; ___________ _ 
Alaska________ ________ ColIege ______________ _ 
Juneau ______________ _ 
Arizona________ ____ ___ Phoenix.,. ____________ _ 
Tempe ___ , __ .,. __ ... ___ "- __ 
Tucson ______________ _ 
Arkansas ___ ,___________ Fayetteville _________ -'_ 
California_____________ Bakersfield __________ _ 
Belmont _____________ _ 
Berkeley ____________ _ 
Fresno ______________ _ 
La Jo11a ____ .,. ________ _ 
Long,Beach __________ _ 
Los Angeles __________ _ 
Marysville ___________ _ 
Menlo Park __________ _ 
Oakland _________ ~ ___ _ 
Pasadena ____________ _ 
Pomona _____________ ~ 
Sacramento __________ _ 
San Diego ___________ _ 
San Francisco ________ _ 
Stanford ____________ _ 
Stockton ____________ _ 
Library 8 
Auburn University. (D, 1) 
Birmingham, Public. (D, , 1) 
Southern Research Institute. (1) 
Mobile Public. (D, 1, 2) , 
Univers~ty of Alabama. (D, 1, 2) 
University of Alaska. (D, 1) 
Alaska State. (3) , 
Department of Library and Archives. (D, 1) 
Phoenix Public. (D, 1) " ' , 
Arizona State UniverSity, Matthews Library. (D, 1) 
University of Arizona~ (D, 1) 
University of Arkansas~ (D, 1) , 
Kern County Free. (D, 1) 
San Mateo County Free. (3) 
University of California. (D, 1, 3) 
Fresno State College. '(D, 1), ' 
University of California at La Jolla. (D, 1, 2, 3) 
Long Beach Public. (D" 1) 
Los Angeles Public. (D, 1, 2) 
Pacific Institute of Earth Sciences. (1) 
University of California at Los Angeles... (D, 1) 
University of Southern California. (D, 1) 
Marysville City. (3) , 
Department of the Interior, Geological Survey. (D~ 1, 2) 
Stanford Research Institute, Goverilment Publications. (1) 
Oakland Public. (D, 1) 
California Institute of Technology.: (D, 1) 
Pasadena Public. (D, 1, 3) 
Pomona Public. (D, 1, 2, 3) 
California State. (D, 1) 
Sacramento City Free. (D, 1) 
Sacramento State College. (D, 3) 
San Diego Public. (D, 1) 
University of California. (2, 3) 
California State Division of Mines and Geology. (1, 2, 3) 
San Francisco Public. (D, 1) 
Stanford University. (D, 1, 3) ". 
San' Joaquin and Stockton Free Public. (D, 3) 
8 See types of publications received by libraries, immediately preceding this list (p. 3). 
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State City 
Colorado _____ -'_ _______ Boulder _____________ _ 
Colorado Springs _____ _ ])enver ______________ _ 
<1olden-_____________ _ 
" Connecticut __________ _ Bridgeport----- ______ _ 
Hartford ____________ _ 
Storrs _______________ _ 
VVashington-----------N ewark _____________ _ 
])istrict of Columbia __ _ 
])elaware ____________ _ 
Florida. _____________ _ 
Wilmington __________ _ 
Coral Gables _________ _ 
<1ainesville _______ :.. __ _ 
~ianrl ______________ _ 
Tallahasse _________ ~ __ 
<1eorgia ______________ _ 
Tampa ______________ _ 
Atlanta. ____________ _ 
Hawaii ____ " __________ _ Honolulu ____________ _ 
Idaho ________________ _ Boise •• _____________ _ 
Lewiston ____________ _ 
~oscow _______ ~ _____ _ 
Pocatello ____________ _ 
lllinois _____ -. _______ '- __ Chicago--------------
Eureka _____ " _________ _ 
Evanston ____________ _ 
NormaL ____________ _ 
Peoria ______________ _ 
. Springfield------------Urbana _____________ _ 
Indiana__ _ _ _ _ _ _ _ _ _ __ __ Bloomington--.;.-- _.; __ _ 
Evansville ___________ _ 
Fort VVayne _______ ;. __ 
Indianapolis _________ _ 
Lafayette ____________ _ 
Notre ])ame _________ _ 
Iowa ________________ _ Ames _______________ _ 
])es l\IIoines.;. ___ ~ _____ _ 
}(ansas ______________ _ 
Iowa City ____ ..: ______ _ 
Hays _______________ _ 
Lawrence ______ :. _____ _ 
~anhattan __________ _ 
}(entucky ____________ _ 
Topeka _____________ _ 
Lexington- __ .:: _______ _ 
Louisville ____________ _ 
Baton Rouge---------
New Orleans _________ _ 
Louisiana ____________ _ 
~aine_ _ _ ___ _ _ __ ______ Orono _______ " ________ _ 
portland ____________ _ 
~aryland-- _ _ _ _ _ ______ Baltimore ___________ _ 
College Park _________ _ 
~assachusetts_ _ _ _ _ ___ _ Boston ______________ _ 
cambridge __________ _ 
~chigan- _ _ __________ Ann Arbor ___________ _ 
])etroit ______________ _ 
East Lansing-- ______ _ 
IIoughton------------
Lansing--------------Saginaw _____________ _ 
Library 8 
University of Colorado. (D, 1, 2) 
Colorado College, Coburn Library. (]), 1) 
Bureau of Mines, U.S. ])epartment of the Interior. (1, 2, 3) 
Colorado State. (D, 1) 
Denver Public. (]), 1) 
Colorado School of Mines. (]), 1, 2) 
Bridgeport Public. (]), 1) 
Connecticut State. (]), 1) 
University of Connecticut. (]), 1) 
U.S. ])epartment of the Interior. (]), 1) 
University of Delaware. (]), 1) 
Wilmington Institute Free. (]), 1) 
University of ~ianrl. (]), 1) 
University of Florida. (D, 1) 
University of ~ia:ini, ~arine Laboratory. (2) 
Florida <1eological Survey. (1, 2) 
University of South Florida. (]), 3) 
Atlanta Public. (]), 1) " 
Georgia Institute of Technology. (1) 
University of Hawaii. (]), 1, 3) 
Boise Public. (]), 1) 
Lewis-Clark Normal School. (3) 
University of Idaho. (]), 1) 
Idaho State University. (D, 1) 
Chicago Public. (]), 1) 
Illinois Institute of Technology. (1, 2) 
John Crerar. (]), 1, 2) 
University of Chicago. (D, 1) 
University of Illinois. (]), I, 2) 
Eureka College. (3) 
Northwestern University. (]), 1) 
Illinois State Normal University. (]), 1) 
Peoria Public. (]), 1) 
Illinois State. (]), 1) 
Illinois State <1eological Survey. (1, 2) 
University of Illinois. (]), 1) 
Indiana University. (]), 1) 
Evansville Public. (]), 1) 
Fort VVayne Public. (D, 1) 
Indiana State. (]), 1) , 
Indianapolis Public. (]), 1) 
Purdue University. (]), 1) . 
University of Notre ])ame. '(]), 1) 
Iowa State University of Science and Technology. (D, 1) 
Des Moines Public. (]), 1) 
State University of Iowa. (D, 1) 
Fort Hays }(ansas State College, Forsyth Library. (]), 1) 
University of }(ansas. (]), 1) 
}(ansas State University. (]), 1) 
}(ansas State Library. (]), 1) 
University of }(entucky. (]), 1) 
Louisville Free Public. (D, 1) 
Louisiana State University. (]), 1) 
New Orleans Public. (]), 1) 
Tulane University, Howard Tilton ~emorial Library. (D, 1) 
University of ~aine. (]), 1) 
Portland Public. (]), 1) 
Enoch Pratt Free. (]), 1) " 
Johns Hopkins University. (]), 1) 
Bureau of Mines, U.S. ])epartment of the Interior. (1, 2, 3) 
Boston Ifublic. (D, 1) 
HarvarcV <1eological. (1, 2) 
Massachusetts Institute of Technology. (]), 1) 
University of Michigan. (]), 1) 
Detroit Public. (D, 1) 
VVayne State University. (D, 1) 
Michigan State University. (]), 1) 
Michigan College of ~ining and Technology. CD, 1) 
Michigan State. (]), 1) 
Hoyt Public. (]), 1) 
B See types of publications received by libraries, inimediately preceding this list (p.3). 
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State City Library 8 
Minnesota_ _ _ _________ Duluth ______________ _ Duluth Public. (D, 1) 11inneapolis _________ _ Bureau of 11ines, U.S. Department of the Interior. (1, 2, 3) 
Minneapolis Public. (D, 1) 
University of 11innesota. (D, 1, 2) 
Northfield____________ St. Olaf College. (D, 1) 
St. PauL _____________ James Jerome Hill Reference. (1,2, 3) 
St. Paul Public. CD, 1) 
MississippL___________ State College_ _ _ ______ Mississippi State Univerf;lity, Mitchell 11emorial Library. 
CD, 1) 
MissourL _____________ Columbia _____________ University of Missouri. (D, 1, 2) 
Kansas City __________ Kansas City Public. CD, 1) 
Montana _____________ _ 
Nebraska ____________ _ 
Nevada ______________ _ 
New Hampshire ______ _ 
New Jersey ___________ _ 
New 11exico __________ _ 
University of Missouri at Kansas City. CD, 1) 
Rolla _________________ Bureau of Mines, U.S. Department of the Interior. (1, 2, 3) 
University of Missouri at Rolla. (D, 1) 
St. Louis _____________ . St. Louis Public. (D, 1) 
Washington University. CD, 1) 
Montana State College. (D, 1) 
Montana School of Mines. (D, 1) 
State University of Montana. (D, 1) 
Dana College. (D, 1) 
Bozeman ____________ _ 
Butte _______________ _ 
11issoula ____________ _ 
Blair ________________ _ 
Chadron ____________ _ 
Lincoln _____________ _ 
Reno _______________ _ 
Durham _____________ _ 
Hanover ____________ _ 
Elizabeth ____________ _ 
Hoboken ____________ _ 
New Brunswick ______ _ 
Newark _____________ _ 
Princeton ____________ _ 
Albuquerqu8 _________ _ 
Socorro _____________ _ 
Nebraska State Teachers' College. (3) 
Nebraska Geological Survey. (1) 
University of Nebraska. CD, 1, 3) 
University of Nevada. (D, 1, 3) 
University of New Hampshire. (D, 1) 
Dartmouth College. (D, 1, 3) 
Elizabeth Public. (D, 1) 
Stevens Institute of Technology. (1, 2, 3) 
Rutgers University, (D, 1) 
Newark Public. (D, 1) 
Princeton University. (D, 1) 
University of New Mexico. (D, 1) 
New Mexico Bureau of Mines and Mineral Resources. (1) 
New Mexico Institute of Mining and Technology. (1, 2) 
New Mexico School of 11ines .. (3) 
New Mexico College of Agriculture and Mechanical Arts. (1) 
New York State. (D, 1) . 
University Park ______ _ 
New York _____________ Albany ______________ _ 
Alfred _______________ _ 
Brooklyn ____________ _ 
Buffalo ______________ _ 
Ithaca ______________ _ 
Jamaica ________ ~ ____ _ 
New York ___________ _ 
Rochester ___________ _ 
Schenectady _________ _ 
Syracuse ____________ _ 
North Carolina _______ _ 
Troy ________________ _ 
Cbapel HilL _________ _ 
Durham _____________ _ 
Raleigb _____________ _ 
North Dakota ________ _ 
Salisbury ____________ _ 
Bismarck ____________ _ 
Fargo __ - ____________ _ 
Grand Forks _________ _ 
Obio _________________ _ CincinnatL __ ,.. _______ _ 
cleveland ___________ _ 
columbus ___________ _ 
Dayton _____________ _ 
Marietta ____________ _ 
Toledo ______________ _ 
Wilberforce __________ _ 
State University of New York, College of Ceramics. (2) 
Brooklyn Public. (D, 1) 
Pratt Institute. CD, 1) 
Buffalo and Erie County Public. (D, 1) 
Cornell University. (D, 1, 3) 
Queens Borough Public. (D, 1) 
College of the City of New York. (D, 1) 
Columbia University. (D, 1, 2, 3) 
Engineering Societies. (1, 2, 3) 
New York Public. (D, 1) 
New York University, University Heights Library, (D, 1) 
United Nations. (3) 
Rochester Public. (D, 1) 
Union College. (D, 1) 
Syracuse Public. (1, 3) 
Rensselaer Polytechnic Institute. (1, 3) 
University of North Carolina. CD, 1) 
Duke University. (D, 1) 
North Carolina State. (D, 1) 
Catawba College. (D, 1) 
North Dakota Historical Library. (D, 1) 
North Dakota State University. CD, 1) 
University of North Dakota. CD, 1) 
Cincinnati Public. CD, 1) 
U:rrlversity of Cincinnati. CD, 2) 
Cleveland Public. (D, 1) 
Fenn College. (1) 
Ohio State University. (D, 1, 3) 
Dayton Public. (D, 1) 
Marietta College. (D, 1) 
Toledo Public. (D, 1) 
University of Toledo. (1) 
Wilberforce University, Carnegie Library. (3) 
SSee types of publications received by libraries, immediately preceding this list (p. 3). 
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State City 
Oklahoms ____________ - Bartlesville __________ _ 
Durant ______________ _ 
La~on _____________ _ 
N orman _____________ _ 
Oklahoma City ___ ' ____ _ 
Stillwater ____________ _ 
Tulsa _______________ _ 
Oregon _______________ AJbsny _____________ _ 
Corvallis ____________ _ 
Eugene ______________ _ 
portland ____________ _ 
Saletn ____ ~ ___ ~ __ ._. __ 
Pennsylvania____ __ ____ Bethlehem ___________ _ 
Harrisburg_,.. ____ .:. ___ _ 
Philadelphia _________ _ 
Pittsburgh ___________ _ 
Reading _____________ _ 
Scranton ____________ _ 
University Park __ ' __ .... __ 
Rhode Island __________ ' Kingston_.:..,.. _________ _ 
Providence __________ _ 
South Carolina________ Co!umbja _______ w ____ _ 
South Dakota ______ ..: __ BrQolrlngs _________ .:. __ 
Huron ______________ _ 
Rapid City ______ ,. ___ _ 
Vermillion ___________ _ 
Tennessee ____________ _ Knoxville ____________ _ 
Memphis ____________ _ 
Nashville ____________ _ 
Texas ________________ _ Amarillo ____________ _ 
ArlingtoD-___________ ~ 
Austin ______________ _ 
Beaumont ___________ _ 
College Station _______ _ lJallas ______________ _ 
EI Paso _____________ _ 
Fort Worth __________ _ 
Iiouston _____________ _ 
Lubbock ____________ _ 
Midland _____________ _ 
San Antonio _________ _ Waco _______________ _ 
Utah~ _______________ _ Provo _______________ _ 
Salt Lake City _______ _ 
Vermont _____________ _ 
Virginia ______________ _ 
Middlebury __________ _ 
Arlington ____________ _ 
Blacksburg __________ _ 
Charlottesville _______ _ 
Richmond ___________ _ 
Washington __________ _ OlyDlpia _____________ _ 
Pullman _____________ _ 
seattle ______________ _ 
Spokane _____________ _ 
TacoDla _____________ _ 
Library 8 
Bureau of. Mines, U.S. Department of the Interior. (D, 1,2,3) 
Southeastern State Teachers College. (D, 1) 
Cameron State Agricultural College. (1) 
Oklahoma Geological Survey. (1, 2) 
Oklahoma City Public. (1, 2, 3) 
Oklahoma State. (D, 1) 
Oklahoma State University. (D, 1) 
Tulsa City-County. (D, I, 2) 
Tulsa Public. (1, 3) 
University of Tulsa. (D, 1) 
Bureau of Mines, U.S. Department of the Interior. (2, 3) 
Oregon State University. (D, 1) 
University of Oregon. (D, 1) 
Library Association of Portland. CD, 1) 
Oregon State Department of Geology and Mineral Industries 
(2) 
Oregon State Library. (lJ, 1) 
Lehigh University. (D, 1) 
Pennsylvania State Library., (D, 1) 
Franklin Institute. (1, 2, 3) 
Free Library of Philadelphia. (D, 1) 
University of Pennsylvania. (D, 1) 
Carnegie. (D, 1) 
Mellon Institute. (1 3) , . , .. ' 
Bureau of Mines, U.S. lJepartment of the Interior. ,(2, 3) 
Reading Public. (lJ, 1), ' 
Scranton Public. (D, 1) •. ,' ' 
Pennsylvania State University. ,(lJ, 1, 2) 
University of Rhode Island.,(lJ, 1) 
Brown University. (lJ, 1) 
University of South Carolina. (lJ, 1) 
South Dakota State University, Lincoln Memorial Library. 
(D,1) , ' , 
Huron College. (3) 
South Dakota School of Mines and Technology. (lJ, 2) 
University of South Dakota. ,(D, 1) 
University of Tennessee. (lJ, 1) 
Cossitt. (lJ, 1) " ' 
Joint University Libraries. (lJ, 1) , 
Bureau of Mines).. U.S. lJepartment of the Interior. (I, 2, 3) 
Arlington State uollege. (lJ, 1, 2) 
Texas State. (D, 1) 
University of Texas. (lJ, 1) 
Lamar State College of Technology. (lJ, 1) 
Texas A & M University. (lJ, 1, 2) 
Dallas Public. (D, 1) 
Southern Methodist University. (D, 1) 
EI Paso Public. (D, 1) 
Texas Western College. (1, 2) 
Fort Worth Public. (D, 1) 
Texas Christian University. (lJ, 1) 
Houston Public. (lJ, 1) 
Rice University. (1) 
University of Houston. (lJ, 1) 
Texas Technological College. (D, 1) 
Midland County. (1) 
San Antonio Public. (lJ, 1) 
Baylor University. (D, 1) 
Brigham Young University. (D, 1) 
Salt Lake City Public. (2, 3) 
University of Utah. (D, 1) 
Middlebury College, Egbert Starr Library. (D, 1) 
Central Arlington. (3) 
Virginia Polytechnic Institute. (lJ, 1) 
University of Virginia, AJderman Library. (1) 
Virginia State. (D, 1) 
Washington State. (D, 1) 
Washington State University. (lJ, 1, 2) 
Seattle Public. (D, 1) 
University of Washington. (D, 1) 
Spokane Public. (lJ, 1) 
T acoma Public. (lJ, 1) 
See types of publioations received by libraries, immediately preceding this list (p. 3). 
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State City 
Charleston ___________ _ 
Huntington __________ _ 
. Morgantown _________ _ 
Wisconsin_-___________ Madison ____________ _ 
West Virginia _________ _ 
Milwaukee __________ _ 
Platteville ___________ _ 
Racine __________ . ____ _ 
wyoming_ ____ ________ Cheyenne _______ .:. ___ _ 
Laramie _____________ _ 
Library 8 
West Virginia State. (D, 1) 
M.arshall University. (D, 1) 
West Virginia University. (D, 1) 
University of Wisconsin. (D, 1) 
Milwaukee Public. (D, 1) 
Wisconsin State College and Institute· of Technology, Karr-
mann Library. (1, 2, 3) 
Racine Public. (D, 1) 
Wyoming State Library. (D, 1) 
Geological Surv~y of Wyoming. (D, 1, 3) 
Bureau of Mines, U.S. Department of the Interior. (3) 
University of Wyoming. (D, 1, 2, 3) 
8 See ~s of publications re~ived by libraries ,immediately preCeding this list (P.3). 
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BULLETINS 
B581. Index of Selected Ga~cation Patents (in 
Three Parts). I. United States Patents, compiled 
by Simon Klosky. 1960. 265 pp. 439 figs. Includes 
abstracts of more than 500 patents issued between 
1867 and 1955 on coal-gasification processes. Part 
II includes United Kingdom and other patents and 
part III, European patents. $1.25. 
B 581. Index of Selected Gasification Patents (in 
Three Parts). II. United Kingdom, Australian, and 
South African Patents, compiled by Simon Klosky 
and Zane E. Murphy. 1962. 576 Pp. 433 figs. In-
cludes abstracts of patents issued in these countries 
between 1917 and 1956 on coal-gasi:ticatiDn proc-
esses. Part I includes U.S. patents, and part III 
European patents. $3. 
B 581. Index of Selected Gasification Patents (in 
Three Parts). III. Belgian, French, German, Ital-
ian, and swedish Patents, compiled 'by ,simon KIDS-
ky and Zane E. Murphy. 1964. 197 pp. Includes 
abstracts of patents issued in these countrie~ be-
tween 1914 and 1955. Part I includes U.S. patents; 
part II includes United Kingdom, Australian, and 
South African patents. $1. 
B 582. Petroleum and Natural Gas Fields in Wyo-
ming, by Paul Biggs and Ralph H. Espach. 1960. 
538 pp. 171 figs. Study contains individual reports 
on 271 oil and gas fields, including all the fields 
covered in B 418 of the same title, issued in 1941. 
Discusses briefly the geology of the fields and sur-
face formations; records history of discovery and 
development of each field; and tabulates amounts 
of oil and gas produced in each field by years. 
Includes 418 analyses of crude-oil, 183 natural gas, 
and 334 oilfield-water samples. Work done in co-
operation with University of Wyoming. Data 
originally collected for a report submitted to the 
Missouri Basin Field Oommittee, U.S. Department 
of the Interior. $4.25. 
B 583. A Glossary of the Diamond-Drilling Indus-
try, by Albert E. Long. 1960. 98 pp. Presents the 
meaning of terms as used by diamond-drilling in-
dustry and furnishes descriptive information regard-
ing the use of diamond-,drilling equipment and proc-
esses in garnering phYSical data needed ,by mining, 
civil, petroleum, and other professional engineering 
groups. 35 cents. 
tB 584. Oontributions to the Data on Theoretical 
Metallurgy. XIII. High-Temperature Heat-Con-
tent, Heat-Capacity, and Entropy Data for the Ele-
ments and Inorganic Compounds, by K. K. Kelley. 
1960. 232 pp. This publication, a revision and 
extension of B 476 of the same main title, issued 
in 1949, reviews availa'ble heat content data for the 
elements and inorganic compounds and gives tables 
and algebraic expressions for their representation. 
B 585. Mineral Facts and Problems, by the staff of 
the Bureau of Mines. 1960. 1016 pp. 69 figs. A 
new edition of a valuable reference volume, which 
first appeared in 1956 as B 556, on metal, non-
metals, and mineral fuels and the industries that 
produce them is republished with new statistics and 
other up-to-date information. $6.00 (cloth). 
B 586. Historical Summary of Coal-Mine Explosions 
in the United States, 1810-1958, by H. B. Hum-
t Out of print. 
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phrey. 1960. 280 pp. 188 figs. Describes major 
explosions covering more than a century, reviews 
growth of explosion hazards with the increased 
number and size of coal mines and the changing 
mining methods, and discusses causes of explosions 
during each period of years to show progress or its 
lack in controlling or eliminating different causes. 
Originally jssued as IC 7900 in 1959. $1.75. 
B 587. Design of Underground Openings in Oompe-
tent Rock, by Leonard Obert, Wilbur 1. Duvall, and 
Robert H. Merrill. 1960. 36 pp. 27 figs. Presents 
methods and principles useful in designing under-
ground mine openings and pillars in competent rock 
formations-massive and bedded. 30 cents. 
B 588. Safety at Gas-Processing Plants, compiled by 
G. M. Kintz and Frances O. Hill. 1960. 98 pp. 54 
figs. An up-to-date version of Technical Paper 462, 
Safety at Natural-Gasoline Plants, issued in 1929, 
publication describes design, construction, opera-
tion, ,and maintenance of natural gasoline and gas-
processing plants, emphasizing priQcedures and 
practices that will promote maximum safety for 
workers in such installations. Work done in co-
operation with Natural Gasoline Association of 
America. 5'0 cents. 
tB 589. Introduction to Mine Ventilating Principles 
and Practices, by D. S. Kingery. 1960. 54 pp. 
32 figs. Explains in layman's language basic laws 
and fundamentals of mine airflow and their applica~ 
tion to the solution of common ventilating prob-
lems; reduces complex and difficult formUlas to 
simple fundamentals. 40 cents. 
B 590. Oontrol of Fires in Inactive Ooal Forma-
tions in the United States, by F. E. Griffith, M. O. 
Magnuson, and G. J. R. Toothman. 1960. 105 pp. 
61 figs. Presents history and description of Bureau 
activities in controlling fires in inactive coal for-
mations and provides mining industry and public 
with information concerning methods of controlling 
these fires. 60 cents. 
B 591. Identification of Distillable Tar Acids and 
Tar Bases From a Low-Temperature Bituminous 
Ooal Tar, by Clarence Kar.r, Jr., Patricia A. Estep. 
Ta-Chuang Lo Chang, and Joseph R. Oomberiati. 
1961. 228 pp. 213 figs. Approximately 130 individ-
ual compounds are identified, generally with respect 
to their isomers; most of the compounds are de-
termined or estimated. $1.25. 
B 592. Oontributions to the Data on Theoretical 
Metallurgy. XIV. Entropies of the Elements and 
Inorganic Oompounds, by K. K. Kelley and E. G. 
King. 1961. 149 pp. Provides the available en-
tropy values at 298.15° K. for the elements and ex-
plains methods of measuring and calculating en-
tropies. Represents an elaboration and revision of 
four earlier bulletins-B 350, 394, 434, and 477-
and covers work through September 1959. 75 cents. 
B 593. Composition of Shale-Oil Naphtha, by G. U. 
Dinneen, R. A. Van Meter, J. R. Smith, O. W. Bailey, 
G. L. Oook, O. S. Allbright, and John S. Ball. 1961. 
74 pp. 41 figs. Describes the analysis of shale-oil 
naphthas and discusses their composition. Presents 
quantitative data on the occurrence of individual 
compounds and groups of related compounds. Work 
done in cooperation with University of Wyoming. 
45 cents. 
B 594.· Synthetic Oordierite, by M. E. Tyrrel, G. V. 
Gibbs, and H. R. Shell. 1961. 41 pp. 17 figs. 
Describes exploratory studies, crystallochemical 
properties of synthetic cordierite, electric fUrnace 
synthesis, and fabrication Qf .dense cordierite ceram-
ics.Indicates that a vitreous ceramic body can be 
produced, using fusedsyhthetic cordierite frit that 
is composed of 15 to 17 percent MgO, 31 percent 
Ah03, and 52 to 54 percent Si02. Work done in co-
operation with Office of Naval Research, U.S. De-
partment of the Navy. 20 cents. 
B 595. The Ohemical Thermodynamic Properties of 
Hydrocarbons and Related Substances. Properties 
of 100 Linear Alkane Thiols, Sulfides, and Sym-
metrical Disulfides in the Ideal Gas State From 0° 
to 1,000° K., by Donald W. S<;ott and John P. 
McOullough. 1961. 68 pp. First of a series of 
Bulletins presenting the Bureau's work in petro-
leum thermodynamics. 45 cents. 
B 596. The Ohemical Thermodynamic Properties of 
Hydrocarbons and Related Substances. The Use 
of n-Heptane as a Reference Substance fOir Low 
Temperature Oalorimetry, by John P. McOullough 
and John F. Messerly. 1961. 15 pp. 2 figs. Pre-
sents results of five investigations of n-heptane. 
Oertain values of the low-temperature thermal 
properties are tabulated, and comparisons with 
results obtained in other laboratories are made. 
20 cents. 
B 597. Pilot-Plant Studies of the Hot-Oarbonate 
Process for Removing Oarbon Dioxide and Hydrogen 
Sulfide, by J. H. Field, H. E. Benson, G. E. John-
son, J. S. Tosh, and A. J. Forney, 1962. 44 pp. 26 
figs. Describes improved process for removing car-
bon dioxide and hydrogen sulfide from synthesi::; 
gas. SpeCifies optimum operating conditions m'r 
several purification tests. 30 cents. 
B 598. Kinetics of the Reactions of Oarbon Dioxide 
and Steam With Ooke, by Sabri Ergun. 1962. 38 
pp. 34 figs. Presents a comprehensive kinetic anal-
ysis of the reactions of a metallurgical coke with 
carbon dioxide and with steam between 900° and 
1,2000 C. at atmo'spheric pressure. Provides theories 
on the mechanisms of both reactions, and reveals a 
close analogy between them. 30 cents. 
B 599.· Relative Permeability Studies: Gas-Oil and 
Water-Oil Systems, by A. G. Loomis and D. O. 
Orowell. 1962. 39 pp. 25 figs. Methods for 
measuring relative permeability as a valid function 
of saturation were compared, using core samples 
from representative oil-productive Oalifornia for-
mation, Bartlesville sand in Oklahoma, and syn-
thetic samples. Measurements for gas-oil systems 
were made by steady-state dynamic, unsteady-state 
displacement, and two stationary-phase methods, 
and for water-oil- systems by the unsteady-state 
displacement method. 30 cents. 
B 600. The Ohemistry and Oatalytic. Properties of 
Cobalt and Iron Oarbonyls, by Irving Wender, Heinz 
W. Sternberg, Robert A. Friedel, Sol J. Metlin, and 
Raymond E. Markby. 1962. 83 pp. 17 figs. . Study 
of metal carbonYls and their catalytic action has 
revealed existence of a new chemistry. Study re-
sulted in discovery of the catalytic action of the 
hydrocarbonyls of cobalt and iron, probably a con-
sequence of the unusual structure of these com-
pounds. 'These fundamental studies on the mecha-
nism of catalytic action are divided into three parts. 
structure and properties of metal carbonyls, reac-
tions catalyzed by cobalt carbonyls, and some cata-
lytic properties of iron carbonyls. 50 cents. 
B 601. Oontributions to the Data on Theoretical 
Metallurgy, XV. A Reprint of Bulletins 383, 384, 
393, and 406, by K. K. Kelley. 1962. 525 pp. Makes 
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Bulletins 
available in a single volume four Bulletins pub-
lished between 1935 and 1937 that have long been 
out of print. The bulletins are: B 383, III. The 
Free Energies of Vaporization and Vapor Pressures 
of Inorganic Substances; B 384, IV. Metal Oar-
bonates-Oorrelations and Applications of Thermo-
dynamic Properties; B 393, V. Heats of Fusion of 
Inorganic Substances; and B 406, VII. The 
Thermodynamic Properties of Sulfur and Its In-
organic Oompounds. 
B 6~2. Oxidatio.n of Aromatic Compounds by Bac-
terIa, by Martm H. Rogoff and Irving Wender. 
1962. 14 pp. 7 figs. Discusses the oxidation of 
polynuclear aromatic hydrocarbons by strains of 
soil bacteria in relation to recent findings. Appen-
dix contains information about some of the tech-
niques in the study of bacterial oxidation of hydro-
carbons. 20 cents. 
tB 603. Electrostatic Separation of Granular Ma-
terial~, by F. Fraas. 1962. 155 pp. 76 figs. 
DescrIbes the development of the electrostatic 
me~hod of p~rticle separation. Includes chapters on 
deSIgn of equipment; probability and selectivity in 
electrostatic separation; effect of dielectric con-
stan~;. surface cleaning and filming; effects of 
humIdIty, temperature, and impurities; size limits 
classi~cation, and separation of fine powders; and 
a reVIew of U.S. patents on electrostatic-separation 
processes. 75 cents. 
B 604. Structure and Propagation of ·Turbulent 
Bunsen Flames, by David Burgess. 1962. 42 pp. 
40 figs. Evaluates experimental work by the 
Bureau of Mines on turbulent :flames from 1954 to 
1959. Delineates the experimental conditions under 
which the wrinkled :flame is real and shows evi-
dence that the scale of tgrbulence, or at least the 
bUrner dimension, is of importance. -30 cents. 
B 605. Thermodynamic Properties of 65 Elements-
Their Oxides, Halides, Oarbides, and· Nitrides by 
C. E. Wicks and F. E. Block. 1963. 146 PP.' 67 
figs. Compiles in readily usable form data on the 
heat content, heat of formation, and free energy of 
f?rmati?n of 65 .common ~lements and their respec-
tIve OXIdes, halides, carbIdes, and nitrides. Data 
are presented by means of tables, equations, and 
graphs. $1. 
B 606. Properties of Oompounds in Ooal-Oarboniza-
tion Products, by H. C. Anderson and W. R. K. Wu. 
1963. 834 pp. Gives data for 832 compounds that 
have been found in the products of coal carboniza-
tion. Data for each compound include values for 
frequently used properties, as well as molecular 
formula, structural formula, and molecular weight. 
Data are indexed by compound name, boiling point 
melting point, molecular formula, and molecula; 
weight. Includes author index for the 1525-item 
list of references. $4.50.· '. 
B 607. West Virginia Oilfields Discovered Before 
1940, by Charles E. Whieldon, Jr., and William E. 
Eckard. 1963. 187 pp. 87 figs. Oontains compre-
hensive petroleum data for 79 oilfields, including 
maps, location, discovery date, size, formation, 
reservoir content and rock characteristics, second-
ary-recovery methods, and ·bibli'ography. Appendix 
presents routine crude oil analyses by the Bureau. 
Work done in cooperation with West Virginia Geo-
logical and Economic Survey. $1. 
B 608. Catalytic Oxidation of Hydrocarbons. Tests 
of Single Oxides and Supported Oatalysts in a 
Microcatalytic Reactor, by K. O. Stein, J. J. Feenall, 
L. J. E. Hofer, and R. B. Anderson. 1962. 19 pp. 
6 figs. Provides information on the activity of 
catalytic materials in oxidizing different Cti and 00 
hydrocarbons. A series of essentially pure metal 
oxides was tested with eight hydrocarbons, and a 
t Out of print. 
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series of metals supported on spheres of high sur-
face area y-alumina was examined with four hydro-
carbons. Appendix describes si:rp.i1ar experiments on 
the catalytic oxidatioI;l of methane. Work done in 
cooperation with Public Health Service, Department 
of Health, Education, and Welfare. 20 cents. 
B 609. Determination of Phenols in Coal Tars and 
Hydroxyl Groups in Coal by ]'orming '.l'rimethylsilyl 
Ethers, by Sidney Friedman, Charles Zahn, Marvin 
Kaufman, and Irving 'Vender. 1963. 27 pp. 9 figs. 
Describes new methods for determining phenols in 
coal tar oils and the hydroxyl content of coai, 
based on the conversion of the hydroxyl group to 
the trimethylsilyl' ether group by hexamethyl-disila-
zane. Gives low-ionizing voltage mass spectrom-
etric analyses of high-boiling phenols before and 
after their conversion to trimethylsilyl ethers and 
gas-liquid chromatographic analyses of the trime-
thylsilyl ethers of lower boiling phenols. Hydroxyl 
oxygen content of 29 cQals and 10 yitrains is re-
ported. 25 cents. 
B 610. Plastic, Agglutinating, and Free-Swelling 
Properties of American Coals, by J. G. Walters, W. 
H. Ode, and L. Spinetti. 1963. 87 pp. Presents, in 
collected and tabulated form, Bureau of Mines data 
on the plastic, agglutinating, and free-swelling char-
acteristics of U.S. coals. 50 cents. 
B 611. Oil-Shale Mining, Rifle, Colo., 1944-56, by 
J. H. East, Jr. and E. D. Gardner. 1964. 163 pp. 
103 figs. Gives data on the Bureau of Mines oil-
shale mining research project at Rifle, Colo. The 
mining . organization .. successfully performed its 
three functions; namely, (1) to furnish oil shale of 
selected characteristics for the experimental re-
torts, (2) to devise a mining method whereby oil 
shale could be produced . safely by underground 
methods at a very low cost per ton, and (3) to 
demonstrate by actual sustained test runs that the 
estimated mining costs could be attained. The data, 
techniques, and equipment developed in the mining 
research should be very helpful to industry when 
oil-shale mining on a commercial basis is begun. 
$1.25. 
B 612. Carbides, Nitrides, and Carbonitrides of Iron 
a,s Catalysts. in the Fischer-Tropsch Synthesis, by 
J. F. Shultz, L. J. E. Hofer, K. C. Stein, and R. B. 
AndersDn. 1963. 70 pp. 36 figs. Iron catalysts con-
verted to carbides, nitrides, and carbonitrides were 
investigated in the Fischer-TrDpsch synthesis. Three 
iron carbides-Hagg carbide, hexagonal carbide, 
and .. cementite-were considered. Reduced, ·fused-
iron catalysts, converted to Hagg iron carbide by. 
treatment with either CO or1H2 +4CO gas and eon-
verted to cementite by direct carburization or by 
thermal reaction of Hagg iron carbide and iron, 
WE:}re tested in the Fischer-Tropsch synthesis with 
gas at pressures from 7.8 to 21A atmospheres. 
Phase . changes in the . catalysts were determined by 
thermomagnetic analysis and X-ray diffraction. 
. Synthesis tests were made on catalysts converted to 
nitrides and carbonitrides. Structural changes occur-
ring in fused and precipitated iron catalysts during 
pretreatment, oxidation, and synthesis were deter-
mined. 45 cents. 
B 613. X-Ray Powder Diffraction Patterns of Solid 
Hydrocarbons, Derivatives of Hydrocarbons, Phe-
nols, and Organic Bases, by L. J. E. Hofer, W. C. 
Peebles, . and E. H .. Bean. 1963. 59 pp. 3 flgs. 
Denl~ ·with compounds of interest in research in-
volving fuels, c.oal tar dyes, plastics, pharmaceutical, 
agricultural chemicals, carcinogens, air pollutants, 
and other public health problems. Presents 178 X-
ray powder diffraction patterns of aromatic hydro-
carbons, 2,4,7-trinitro-9-fluorenone derivatives of 
aromatic hydrocarbons, phenols, and organic bases 
for positive identification of solid organic eoma 
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pounds. Contains convenient indexes to permit 
maximum use of these patterns, discusses X-ray 
powder diffraction analysis, and describes methods 
and instruments developed to implement the data. 
40 cents. 
B 614. Kinetics of the Fisher-Tropsch Synthesis on 
Iron Catalysts, by R .. B. Anderson, F. S. Karn, and 
J. F. Shultz. 1964. 45 pp. 35 figs. Nitrided cata-
lysts were studied at 21.4 atmospheres using feed 
gases ranging from 2H2+1CO to O.25H2+1CO, and 
at 7.8 to 21.4 atmospheres using 1H2+1CO gas. The 
overall apparent activation energy increased with 
increasing CO content of the feed gas from 19.5 
kcal/mole for 2Hz+1CO to 23.7 for O.7H2+1CO. 
The rate of synthesis with 1Hz+1CO increased 
linearly with operating pressure from 7.8 to 21.4 
atmospheres. A semifundamental rate equation was 
shown to fit the data satisfactorily. In another 
group of experiments, H20, C02, A, and CH, were 
added to 1H2+1CO feed to a nitrided catalyst. Im-
portant factors· of catalyst geometry in determining 
rate were found to be particle size and extent of 
reduction. The appendix presents a group of syn-
thesis experiments at pressures of 21.4 to 103 at-
mospheres. 35 cents. 
B 616. Historical Documentation of Major Coal-
Mine Disasters in the United States Not Classified 
. as Explosions of Gas or Dust: 1846-1962, by 
Charles M. Keenan. 1963. 90 pp. Lists and pro-
vides brief accounts of disasters causing five or 
more deaths that have occurred in the United States 
since 1846. This publication i~ a sequel. to and 
supplements Bulletin 586, Historical Summary of 
Coal-Mine· Explosions in the United States, 1810-
1958, . issued in 1960. The two bulletins provide in-
formation on all the known major coal-mine 
disasters in the Nation's history. 50 cents. 
B 617. Helium-Bearing Natural Gases of the United 
States: Analyses. Second Supplement to Bulletin 
486, by R. D. Munnerlyn and R. D. Miller. 1963. 
93 pp. 1 fig. Presents analyses of 1,444 samples 
.from oil and gas wells and natural-gas pipelines 
collected from 23 States from May 1956 to January 
1961 as part of the Bureau's continuous helium-
survey program. Since May 1956, helium was found 
in natural gas from several new areas, principally 
in Arizona, Colorado, New Mexico, and Utah. None 
of the new areas contain helium resources compara·· 
ble to tho'se known previously. Supplements Bul-
letins. 486 and 576. 50 cents. 
B 618. Measurement and . Significance of the Flow 
Properties of Coal-Ash Slag, by Richard C. Corey. 
1964. 64 pp. 32 figs. Consolidates the essential 
features of all the research reports published by 
the Bureau of Mines on the flow properties of c.oal-
ash· slag, with emphasis on both the experimental 
procedures employed and the interpretation of the 
experimental results. Contains a bibliography and 
index. 40 cents. 
B 619. Corrosion Properties of Titanium and Its 
Alloys, by David Schlain. 1964. 228 pp. 102 figs. 
Correlates and evaluates data, obtained by the 
Bureau of Mines and other organizations, on the 
corrosion properties of. titanium and its alloys. 
Most of the. data presented <.!oncern the corrosion 
cha·racteristics of titanium in aqueous solutions and 
organic solutions and compounds although some in-
formation is also given on the corrosion of titanium 
in other environments, such as gases at elevated 
temperatures. $1.25. 
B 626. Storage Stability of Gasoline. Fundamen-
tals of Gum Formation, Including a Discussion of 
Radiotracer Techniques, by Frank G. Schwartz, M. 
L. Whisman, C. S. Allbright, and O. C. Ward. 1964. 
44 pp. 13 figs. Variables of composition and en-
vironment that affect storage stability of gasoline-
type fuels were studied. Change in gasoline com-
position brought about by aging were determined 
and correlated with gum formation. The amounts 
of reaction of selected gasoline components, meas-
uredby radioactive tracers, were determined in a 
Bulletins 
gasoline-type blend and in a mixture of 17 pure 
gasoline components. Data show that compounds 
that contribute to gum-forming reactions are sulfur 
compounds, nitrogen compounds, oletins, and poly-
cyclic compounds in the presence of oxygen. Work 
done under an agreement with the Research Divi-
sion, Army Materiel Command. 30 cents. 
SPECIAL PUBLICATIONS 
SP 1. List of Publications Issued by the Bureau of 
Mines From July 1, 1910, to January 1, 1960, With 
SulJject and Author Index, by Hazel J. Stratton; 
1900. 826 pp. Contains more than 7,500 listings of 
virtually. all scientific and technical publications. 
$4.25. .. . 
SP 2. List of Journal Articles by Bureau of Mines 
Authors Published July 1, 1910, to January 1, 1960, 
\iV~ith Subject Index, compiled by Mae W. Hardison 
and Opal V. ·Weaver. 1960. 295 pp. Contains 
nearly 9,000 articles, written by· Bureau personnel 
and· published in scientific and technical journals, 
the trade press, convention proceedings, and other 
non-Bureau publications. $1.75. . 
SP 3. List of Bureau of Mines Publications 'and 
Articles, January 1 to December 31, 1960, Wlth 
, Subjecf and. Author Index. ·1961. 66 pp. Describes 
Bureau publications and papers written by its per-
,sonnel that have appeared ,in outside publications. 
It supplements the 50-year lists of Bureau publica-
tions' and articles issued from 1910 to 1960.· 60 
cents.' , , . , . 
tSP . 4. List of Bureau o,f,Mines Publications and 
Articles, January 1 to December 31, '1961; With 
Subject and Author Index, 196~. 62 pp. Describes 
Bureau publications and papers written by its per-
sonnel that have appeared in outside publications. 
It supplements the 50-year lists of Bureau publica-
tions and articles issued from 1910 to 1960, and' the 
annual list of Bureau publications and articles 
issued in 1960. 60 cents. 
SP 5. List of Bureau of Mines Publications and 
Articles, January 1 to December 31, 1962, With Sub-
ject and Author Index. 1963. 87 pp.,. D,escribes 
Bureau pliblications and papers ,written by its per-
sonnel that have appeared in outside publications. 
It suppiements the 50-year lists of Bureau Pllbiica-
dons and articles issued from 1910 to 1960, and 'the 
. annual lists of, Bur~au publications and articles 
issued. in 1960 and 1961. 60 cents. 
SP 6. List of Bureau of Mines Publications and 
Articles, January 1 to December 31, 1963, With Slib-
ject and Author Index .. 1964. 78 pp. Describes 
Bureau publications and papers written by its' per-
sonnelthat have appeared in outside publications. 
It supplements the 50-year lists of Bureau publica-
tions and articles. issued from 1910 to 1960, and the 
annual Ustsof Bp.reau 'p-q,blications and articles 
issued in 1960~ 1961, and, 1962. 60 cents. 
HANDBOOKS' , 
BAH. Mine Rescue Apparatus and· Auxiliary Equip-
ment, by Alexander E. Morrow, William M. Dem-
kowicz, and Gordon W ~ Chastain. 1961. 287 pp. 
.42 figs. ..(Revision, in part, of Self-Contained Oxy-
gen Breathing Apparatus, by D. J. Parker, G. S. 
McCaa, and. E. H. Denny, issued in 1923 and revised 
,in 1929, 1934, and 1940.) Includes informatiQp on 
design, construction, and operation of five new types 
of self-contained breathing apparatus,two types of 
gas masks, and lifeline telephone~ $1.25. 
B,WH. Questions· and Answers on Boiler-Feedwater 
Conditioning, by A. A. Berk: 103' pp. (Revision of 
Handbook 3, Questions and Answers on· Boiler 
Feed-Water Conditioning, by J. F. Barkley, issued 
in 1936 and r'evisedin 1943.) Attempts to give in-
formation about boiler feed water to boiler operators 
who have not studied chemistry. Shows harmful 
effects' of impurities in boiler water, causes of boiler 
pitting or corrosion, methods of preventing undesir-
able sludge, aud·· chemicals used for conditioning 
'feedwater. : -Includes a useful table of chemical 
compounds. 35 cents. 
MINERS' CIRCULARS' 
Me ,51.'" Injury Statistics, ,as, an' Aid in Preventing 
A~cidents in Metal. arid Nonmetallic Mines~ Metal-
and Nonmetallic-Mine AceidE:'nt Prevention Course 
-,-SeCtion 1. (Revised l\farch ··1958)" by Roy G. 
Stott. 1960. 42 pp. 10 figs. One in a series of 
miners' Circulars being revised to include improve-
t Out of pririt. 
mellts in an accident-prevention course inaugu;rated 
by the Bureau of Mines tn 1942. Shows how acci-
. dent-injury records can .help in planning, carrying 
" 'o~t;. and evaluating accident-prevention programs. 




The Minerals Yearbook 1959, published in three 
volumes, provides a record of performance of the 
Nation's mineral industries during the year. The 
complete volumes, covering all mineral commodities, 
are obtainable from the Superintendent of Docu-
ments, U.S. Government Printing Office, Washington 
25, D.C. All chapters for which prices are given 
are also obtainable from the Superintendent of 
Documents, U.S. Government Printing Office, Wash-
ington, D.C., 20402. 
Volume I, Metals and Minerals (Except Fuels), pre-
pared by the staff of the Bureau of Mines, Division 
of Minerals. 79 chapters. 1271 pp. 62 figs. Covers 
the metals and minerals other than fuels. $4.50. 
Volume II, Fuels, prepared by the staff-of the Bureau 
of Mines, Division of Petroleum, Division of Bitu-
minous Coal, Division of Anthracite and Assistant 
Director-Helium. 13 chapters. 483 pp. 43 figs. 
Covers the mineral fuels. $2.50. 
Volume III, Area Reports prepared by the staff of 
the Bureau of Mines, Division of Minerals. 53 
chapters. 1134 pp. 60 figs. Contains geographic 
chapters for each State, as well as the island pos-
sessions and the Canal Zone. $4.25. 
The Minerals Yearbook 1960, published in three vol-
umes, provides a record of performance of the Na-
tion's mineral industries during the year. The 
complete volumes, covering all mineral commodities, 
are obtainable from the Superintendent of Docu-
ments, U.S. Government Printing Office, Washing-
ton, D.C. 20402. All chapters for which prices are 
given are also obtainable from the Superintendent 
of Documents, U.S. Government Printing Office, 
Washington 25, D.C. 
Volume I, Metals and Minerals (Except Fuels), pre-
pared by the staff of the B~reau of Mines, Division 
of Minerals. 79 chapters. 1294 pp~ 56 figs. 
Covers the metals and minerals other than fuels. 
$4.50. 
Volume II, Fuels, prepared by the staff of the Bureau 
of Mines, Division of Bituminous Coal, Division of 
Petroleum, Division of Anthracite, and Assistant 
Director-Helium. 13 chapters. 509 pp. 44 figs. 
Covers. the mineral fuels. $2.50. 
Volume III, Area Reports, prepared by the staff of 
the Bureau of Mines, Division of Minerals. 53 
chapters. 1161 'Pp. 58 figs. Contains geogra'Phic 
chapters for each State, as well as the island pos-
sessions and the Canal Zone. $4.25. 
The Minerals Yearbook 1961, published in three vol-
umes, provides a record of performance of the Na-
tion's mineral' industries during the year. The 
complete VOlumes, covering all mineral commodities, 
are obtainable from the Superintendent of Docu-
ments, U.S. Government Printing Office, Washing-
ton, D.C. 20402. All chapters for which prices are 
given are also obtainable from the Superintendent 
of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. 
Volume I, Metals and Minerals (Except Fuels), pre-
pared by the staff of the Bureau of Mines, Division 
of Minerals. 80 chapters. 1418 pp. 50 figs. Covers 
the metals and minerals other than fuels. $4.75. 
Volume II, Fuels, prepared by the staff of the Bureau 
of Mines, Division of Bituminous Coal, Division of 
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Petroleum, Division of Anthracite, and Assistant 
Director-Helium. 13 chapte!,s. 499 PP. 44 figs. 
Covers the mineral fuels. $2.50. 
Volume III, Area Reports, prepared by the staff of 
the Bureau of Mines, Division of Minerals. 53 
chapters. 1173 pp. 59 figs. Contains geographic 
chapters for each State, as. well as the island pO's-
sessions and the Canal Zone. $4.25. 
The Minerals Yearbook 1962, published in three vol-
umes, provides a record of performance of the 
Nation's mineral industries during the year. The 
complete volumes, covering all mineral commOdities, 
;are obtainable from the Superintendent of Docu-
ments, U.S. Government Printing Office, Washing-
ton, D.C. 20402. All chapters for which prices are 
given are also obtainable from the Superintendent 
of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402. . 
Volume I, Metals and Minerals (Except Fuels), pre-
pared by the staff of the Bureau of Mines, Division 
of Minerals, 78 chapters. 1410 pp. 54 figs. Covers 
the metals and minerals other than fuels. $4.75. 
Volume II, Fuels, prepared 'by the staff of the Bureau 
of Mines,' Division of Petroleum, Division of Bitumi-
nous Coal, Division of Anthracite, and Assistant 
Director-Helium. 12 chapters. 531 pp. 47 figs. 
Covers the mineral fuels. $2.50. 
Volume III, Area Reports, prepared by the field staffs 
of the Division' of Mineral Resources of the Bureau 
Mines. 53 chapters. 1206 pp. 59 figs. Contains 
geographic chapters for each State, as well as the 
. island posessions and Canal Zone. $4.25. 
The Minerals Yearbook 1963, published for the first 
time in four volumes, provides a record of perform-
ance of the Nation's mineral industries during the 
year and a review of world mineral production, con-
sumption, and trade on a country-by-country basis. 
The complete volumes are obtainable from the 
Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C., 20402. All of the 
chapters in the first three volumes have been pre-
printed separately and are available from the 
Superintendent of Documents at the prices indi-
cated. Reprints of individual chapters of volume 
IV will be available in 1965. For prices consult the 
monthly list of Bureau of Mines New Publications 
or the Superintendent of Documents. 
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Volume I, Metals and Minerals (Except Fuels). Pre-
pared by the staff of the Bureau of Mines, Division 
of Minerals. 78 chapters. 1307 pp. 47 figs. Covers 
the metals and minerals other than fuels. $4.50. 
Foreword, by Marling J. Ankeny. 1 p. 
Acknowledgments, by Charles W. Merrill. 2 pp. 
General Reviews: 
Employment and Injuries in the Metal and Nonmetal 
Industries, by Forrest T. Moyer. 9 pp. 10 cents. 
Review of Metallurgical Technology, by Kenneth B. 
Higbie and Rollien R. Wells. 14 pp. 10 cents. 
Review of the Mineral industries (Metals and Non-
metals Except Fuels), by Kung~Lee Wang and 
Edward E. Johnson. 64 pp. 25 cents. 
Review of Mining Technology, by James E. Hill. 
12 pp. 10 cents. 
The Minerals Yearbook 1963-Continued 
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Statistical Summary, by Kathleen J. D'Amico.D 
47 pp. 20 cents. 
Technologic Trends in the Mineral Industries (Met-
als and Nonmetals Except Fuels), by Frank L. 
Wideman. 38 pp. 2 figs. 15 cents. 
Commodity reviews: 
Abrasive Materials, by Paul M. Ambrose. 20 pp. 
15 cents. 
Aluminum, by John W. Stamper. ,28 pp. 15 cents. 
Antimony, by D. E. Moulds. 10 pp. 10 cents. 
Arsenic, by Arnold M. Lansche. 5 pp. 5 cents. 
Asbestos, by Timothy C. May. 15 pp. 10 cents. 
Barite, by Harold J. Drake. 12 pp. 10 cents. 
Bauxite, by Lloyd R. Williams and John W. Stamp-
er. 21 pp. 2 figs. 15 cents. 
Beryllium, by Donald E. Eilertsen. 9 pp. 10 cents. 
Bismuth, by DonaldE. Moulds. 5 pp. 5 cents. 
Bo~on, by William C. Miller. 9 pp. 10 cents. 
Bromine, by William C. Miller. 6 pp. 5 cents. 
Cadmium, by H. J. Schroeder. 8 pp. 1 fig. 10 
cents. 
CalciJIm and Calcium Compounds, by Clarence O. 
Babcock. 6 pp. 5 cents. 
Cement, by William R. Barton. 32 pp. 2 figs. 15 
cents. 
Chromium, by R. W. Holliday. 14 pp. 10 cmits. 
Clays, 'by James D. Oooper. 26 pp. 3 figs. 15 cents. 
Cobalt, by Glen C. Ware. 10 pp. 10 cents. 
Columbium and Tantalum, by Gilbert L. DeHuff and 
Richa'rd F. IStevens, Jr~ 13 pp. 10 cents. 
Copper, by F. L. Wideman. 46 pp. 1 fig. 20 cents. 
Diatomite, by Benjamin Petkof. . 5 pp. 1 fig. 5 
cents. 
Feldspar, Nepheline Syenite, and Aplite, by James 
D. Cooper. 9 pp. 10 cents. . 
Ferroalloys, tby Gilbert L. DeHuff. 14 pp. 10 cents. 
Fluorspar and Cryolite, by Paul M. Ambrose. 18 
pp. 10 cents. 
Gem Stones, by Benjamin Petkof. 12 pp. 10 cents. 
Gold, by J. P. Ryan. 24 pp. 3 figs. 15 cents. 
Graphite, by Harold J. Drake. 9 pp. 10 cents. 
Gypsum, by William R. Barton. 12 pp. 10 cents. 
Iodine, by William C. Miller. 5 pp. 5 cents. 
Iron and Steel, by Robert A. Whitman. 30 pp. 1 
fig. 15 cents. 
Iron and Steel Scrap, by Robert A. Whitman. 25 
pp. 15 cents. 
Iron Ore, by Harold T. Reno. 31 pp. 1 fig. 15 cents. 
Iron Oxide Pigments, by Horace T. Reno. 5 pp. 
5 cents. 
Kyanite and Related Minerals, by James D. Cooper. 
5 pp. 5 cents. 
Lead, by Donald E. Moulds. 35 pp. 1 fig. 15 cents. 
Lime, by Perry G. Cotter. 14 pp. 1 fig. 10 cents. 
Lithium, by Donald E. Eilertsen. 5 pp. 5 cents. 
Magnesium, by Lloyd R. Williams and John W. 
Stamper. 10 pp. 1 fig. 10 cents. 
Magnesium Compounds, by Lloyd R. Williams and 
John W. 'Sta:mper .. 12 pp. 1 fig. 10 cents. 
Manganese, by Gilbert L. DeHuff. 22 pp. 1 fig. 
15 cents. 
Mercury, by John E. Shelton. 12 pp. 1 fig. 10 
cents. 
Mica, by Benjamin Petkof. 17 pp. 10 cents. 
Minor Metals and Minerals, by Staff, Division of 
Minerals. 25 pp. 15 cents. 
Molybdenum, by R. W. Holliday. 11 pp. 1 fig. 10 
cents. 
Nickel, by Glen C. Ware. 15 pp. 10 cents. 
Nitrogen, by Richard W. Lewis. 14 pp. 10 cents. 
Perlite by Timothy C. May. 4 pp. 5 cents. 
9 Same chapter in volume III. 
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Phosphate Rock, by Richard W. Lewis. 22 pp. 1 
fig. 15 cents. 
Platinum-Group Metals, by Glen C. Ware. 13 pp. 
10 cents. 
Potash, by Richard W. Lewis. 15 pp. 1 fig. 10 
cents. 
Pumice, by Timothy C. May. 7 pp. 2 figs. 10 
cents. 
Quartz Crystal, Electronic-Grade, by Benjamin Pet-
kof. 5 pp. 5 cents. 
Rare-Earth Minerals and Metals, by John G. Parker. 
10 pp. 10 cents. 
Salt, by William H. Kerns. 14 pp. 10 cents. 
Sand and Gravel, by Perry G. Cotter. 26 pp. 2 
figs. 15 cents. 
Silicon, by Gilbert L. DeHuff. 7 pp. 10 cents. 
Silver, by J. P. Ryan. 24 pp. 3 figs. 15 cents. 
Slag, Iron-Blast-Furnace, by Perry G. Cotter. 9 
pp. 2 figs. 10 cents. 
Sodium and Sodium Compounds, by Robert. T. Mac-
Millan. 9 pp. 10 cents. 
Stone, by Perry G. Cotter. 25 pp. 1 fig. 15 cents. 
Strontium, by Clarence O. Babcock. 3 pp. 5 cents. 
Sulfur and Pyrites, by Clarence O. Babcock. .22 pp. 
2 figs. 15 cents. 
Talc, Soapstone and Pyrophyllite, by James D. 
Cooper. 8 pp. 10 cents. 
Thorium, by Charles T. Baroch. 6 pp. 5 cents. 
Tin, by John E. Shelton. 22 pp. 15 cents. 
Titanium, by John W. Stamper. 22 pp. 2 figs. 15 
cents. 
Tungsten, by Richard F. Stevens, Jr. 14 pp. 1 fig. 
10 cents. 
Uranium, by Charles T. Baroch. 25 pp. 15 cents. 
Vanadium, by Gilbert L. DeHuff. 8 pp. 10 cents. 
Vermiculite, by Timothy C. May. 5 pp. 5 cents. 
Water, by William H. Kerns. 12 pp. ·10 cents. 
Zinc, by H. J. Schroeder. 38 pp. 2 figs. 15 cents. 
Zirconium and Hafnium, by Donald E. Eilertsen. 7 
pp. 10 cents. 
Volume II, Fuels. Prepared by the staff of the Bu-
reau of Mines, Division of Anthracite, Division of 
Bituminous Coal, Division of Petroleum, Division of 
Statistics, Division of Economic Analysis, Division 
of Accident Prevention and Health, and Assistant Di-
rector-Helium. 12 chapters. 531 pp. 47 figs. 
Covers the mineral fuels. $2.50. 
Foreword, by Marling J. Ankeny. 1 p. 
Acknowledgments, by William C. Elliott, Jr., 1 p. 
General reviews: 
Employment and Injuries in the Fuel Industries, by 
Forrest T. Moyer. 6 pp. 5 cents. 
Review of the Mineral-Fuel Industries, by Warren 
E. Morrison and Edward E. Johnson. 41 pp. 2 
figs. 20 cents. 
Commodity reviews: 
Coal and related products: 
Coal-Bituminous and Lignite, by W. H. Young 
and R. L. Anderson. 125 pp. 16 figs. 35 cents. 
Coal-Pennsylvania Anthracite, by James A. 
Vaughan. 49 pp. 6 figs. 20 cents. 
Coke and Coal Chemicals, by J. A~ DeCarlo and 
E. T. Sheridan. 63 pp. 7 figs. 25 cents. 
Fuel Briquets and Packaged Fuel, by Eugene T. 
Sheridan. 17 pp. 1 fig. 10 cents. 
Peat, by Eugene T. Sheridan. 18 pp. 1 fig. 10 
cents. 
Petroleum and related products: 
Carbon Black, by Ivan F. Avery. 11 pp. 2 figs. 
10 cents. 
Crude Petroleum and Petroleum Products, by 
James G. Kirby and Betty M. Moore. 134 pp. 
8 figs. 40 cents. 
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Natural Gas, by Ivan F. Avery. 24 pp. 2 figs. 
15 cents. 
Natural Gas Liquids, by Ivan F. Avery. 28 pp. 2 
figs. 15 cents. 
Helium, by Harold W. Lipper. 9 pp. 10 cents. 
Appendix: Tables {)f Measurement. 
Volume Ill, Area Reports: Domestic. Prepared by 
the staffs of the field offices of the Divisions of 
Mineral Resources of the Bureau of Mines. 53 
chapters. 1235 pp. 54 figs. Contains geographic 
chapters for each State, as well as the island pos-
sessions and Canal Zone. $4.25. 
Foreword, by Marling J. Ankeny. 1 p. 
Acknowledgments, by Charles W. -Merrill. 2 pp. 
General reviews: 
Employment and Injuries in the Mineral Industries, 
by Forrest T. Moyer. 7 pp. 10 cents. 
Statistical Summary, by KathleenJ. D'Amico.1o 27 
pp. 20 cents. 
The mineral industry of-
Alabama, by Avery H. Reed, Jr., and Thomas A. 
Simpson. Prepared in cooperation with the Geo-
logical Survey of Alabama. 17 pp. 1 fig. 10 
cents. 
Alaska, by Kevin Malone and Phil R. Holds'Worth. 
Prepared in coo'peration with the Division of Mines 
and Minerals of the Alaska Department o,f Natural 
Resources. 24 pp. 1 fig. 15 cents. 
Arizona, by L. P. Larson. Prepared in cooperation 
with the Arizona Bureau o,f Mines. 35 pp. 2 figs. 
i5 cents. ' , 
Arkansas, by Raymond B. Stroud. Prepared in 'co-, 
operation with the ,Arkansas Geological Commis-
sion. 23 pp. 1 fig. 15 cents. ' 
California, by L. E. Davis. ,Prepared in cooperation 
with the California Department of, Natural Re-
sources. 65 pp. 1 fig. 25 cents. , 
Colorado, by D. H. Mullen, 46 pp.. 1 fig. 20 cents. 
Connecticut, by James R. Kerr. 10 pp. 1 fig. 10 
cents. 
Delaware, by Samuel A. Gustavson. 4 pp. 5 cents. 
Florida, by Lawrence E. Shirley and William D. 
Reves. Prepared in cooperation with the Geologi-
cal Survey of Florida. 22 pp. 1 fig. 15 cents. 
'Georgia, by James L. Vallely and Garland Peyton. 
Prepared in coo'pera tion with the Geological Sur-
vey of Georgia. 16 pp. 1 fig. 10 cents. 
Hawaii, by Roy Y. Ashizawa. Prepared in coopera-
tionwith the Hawaii Department of Land and 
Natural Resources. 9pp. 10 cents. 
Idaho, by Jerry J. Gray, Richard W. Knostman and 
Norman S. Petersen. Prepared in cooperation 
with the Idaho Bureau of Mines and Geology. 26 
pp. 3 figs. 15 cen ts. 
Illinois. by Matthew G. Sikich and Richard E. Dawes. 
'Prepared in cooperation with the Illinois Geo-
logical Survey, 31 pp. 1 fig. 15 cents. 
, Indiana, by Donald F. Klyce and Mary B. Fox. Pre-
pared in cooperatin with the Geological Survey, ' 
Indiana Department o'f Conservation. 20 pp. 1 
fig: :15 cents. ' 
Iowa, by John W. Sweeney. Prepared in cooperation 
with the Geological Survey of Iowa. 16 pp. 1 fig. 
10 cents. 
Kansas, by W. G. Diamond, P. L. Hilpman, A. L. 
Hornbaker, and R. G. Hardy. Prepared in co~ 
operation with the State Geological Survey of 
Kansas. 36 pp. 1 fig. 15 cents. 
Kentucky, by Harold L. Riley and Preston McGrain. 
Prepared in cooperation with the Geological Sur-
vey of Kentucky. 22 pp. 1 fig. 15 cents. 
10 Same chapter in volume I. 
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Louisiana, by Peter Grandone, OW<Bn W. Jones, and 
Leo VV. Hough. Prepared in eooperation with "the 
Louisiana Geological Survey. 33 pp. 1 fig. 15 
cents. 
Maine, by Joseph Krickich. 8 pp. 1 fig. 10 cents. 
Maryland, by N. A. Eilertsen. Prepared in coopera-
tion with the Maryland Geological Survey. 12 pp. 
1 fig. 10 cents. 
Massachusetts, by Robert W. Metcalf. 10 pp. 1 fig. 
10 cents. 
Michigan, by Donald F. Klyce. Prepared in coopera-
tion with the Michigan Department of Oonserva-
tion, Geological Survey Division. 25 pp. 1 fig. 15 
cents. 
Minnesota, by L. F. Heising and R. C. Briggs. 25 pp. 
1 fig. 15 cents. 
Mississippi, by Nicholas A. Kendall and Frederic F. 
Mellen. Prepared in cooperation with the Mis'sis-
sippi Geological Survey. 17 pp. 1 fig. 10 cents. 
Missouri, by A. Kuklis and William C. Hayes. Pre-
pared in co{)peration with the Division of Geologi-
cal Survey and Water Resources, Department of 
Business and Administration of Missouri. 29 pp. 
1 fig. 15 cents. 
Montana, by Richard W. Knostman and A. J. Kauff-
man, Jr., Prepared in cooperation with the Mon-
tana Bureau o-f Mines and Geology. 27 pp. 2 figs. 
15 cents. 
Nebraska, by Oarl L. Bieniewski. 15 pp. 1 fig. 10 
cents. 
Nevada, by L. E. Davis and Roy Y. Ashizawa. Pre-
pared in coo'peration with the Nevada Bureau of 
Mines. 26 pp. 1 fig. 15 cents. 
New Hampshire, by Stanley A. Feitler. Prepared in 
co'operation with the New Hampshire Department 
of Resources and Economic Development. 6 pp. 
5 cents. 
New Jersey, by Oharles C. Yeloushan. Prepared in 
cooperation with the New Jersey Division of Re-
source Development, Bureau o-f Geology and 
Topography. 14 pp. 1 fig. 10 cents. 
New Mexico, by W. E. Burleson. 31 pp. 2 figs. 15 
cents. 
New York, by Stanley A. Feitler. Prepared in co-
operation with the New. York State Museum and 
Sc'ience Service. 26 pp. 1 fig. 15 cents. 
North Oarolina, by James R. Boyle and Jasper L. 
StuGkey. Prepared in cooperation with the Geo-
logical Survey of North Carolina. 17 pp. 1 fig. 
10 cents. 
North Dakota, by D. H. Mullen. Prepared in coopera-
tion with the State Geological Survey of North 
Dakota. 16 pp. 1 fig. 10 cents. 
Ohio, by Joseph Krickich. 29 pp. 1 fig. 15 cents. 
Oklahoma,by Robert B. McDougal and· William E. 
Ham. Prepared in coo'peration with the Oklahoma 
Geological Survey. 30 pp. 2 figs. 15 cents. 
Oregon, by Frank B. Fulkerson, William N. ,Hale, 
and Gary A. Kingston. Prepared in cooperation 
with the Oregon Department of Geology and Min-
eral Industries. 17 pp. 1 fig." 10 cents. 
Pennsylvania, by James R. Kerr. Prepared in co-
operation with the Pennsylvania Bureau of Topo-
graphic and Geologic Survey. 42 pp. 1 fig. 20 
cents. , 
Puerto Rico, the Panama Canal Zone, the Virgin 
Islands, and Pacific Island Possessions, by Harry 
F. Robertson, Jose F. Cadilla. LeovigildoVasquez, 
and Roy Y. Ashizawa. Puerto Rico section pre-
pared in coopera-tion with the Mineralogy and 
Geology Section, Industrial Research, Economic 
Development Administration, CDmmonwealth of 
P-q.erto Rico. 8 pp. 10 cents. 
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Rhode Island, liy Samuel A. Gustavson. 4 pp. 5 
cents. 
South Carolina, by Lawrence E. Shirley and Henry 
S. Johnson, Jr. Prepared incooperatron with the 
South Carolina Geological Survey. 16 pp. 1 fig. 
10 cents. ' 
South Dakota by Carl L. Bieniewski and Duncan J. 
McGregor. 'Prepared in cooperation with the 
South Dakota State Geological Survey. 16 pp. 1 
fig. 10 cents. 
Tennessee, by James R. Boyle and William D. Harde-
man. Prepared in cooperation with the 'Tennessee 
Division of Geology. 20 pp. 1 fig. 15 cents. 
Texas, by F. F. Netzeband and Roselle M. Girard. 
Prepared in cooperation with the Bureau of Eco-
nomic Geology, the University of Texa's. 63 'pp. 1 
fig. 25 cents. 
Utah by Merwin H. Howes. Prepared in coopera-
ItiO~ with the Utah Geological and Mineralogical 
Survey. 28 pp. 2 figs. 15 cents. 
Vermont, by James R. Kerr. 7 pp. 1 fig. 10 cents. 
Virginia by Robert V\T. Metcalf and James L. Calver. 
Prepa;ed in cooperation with the Virginia Division 
of Mineral Resources. 30 pp. 1 fig. 15 cents. 
Washington, by Jerry J. Gray and Willi~m N. H~l~. 
Prepared in cooperation with the Washmgton DIVl-
sion of Mines and Geology. 19 pp. 1 fig. 15 cents. 
West Virginia, by James R. Kerr. Prepared in 'Co-
operation with the West Virginia Geological and 
Economic Survey. 22 pp. 1 fig. 15 cents. 
Wisconsin, by Wesley A. Grosh. Prepared in co-
operation with the Geological Survey of Wisconsin. 
20 pp. 1 fig. 15 cents. 
Wyoming, by F. D; Everett. Prepared in .cooperation 
with the Geological Survey of Wyommg. 29 pp. 
1 fig. 15 cents. ' , 
Volume IV Area Reports: Iuternational.11 Prepared 
by the staff of the Bureau of Mines, Division of 
International Activities. 127 chapters. 1505 pp. 
1 fig. Contains geographic chapters presenting the 
latest available mineral statistics for more than 
130 foreign countries and areas. $5.00. 
Foreword, by Marling J. Ankeny. , 
Acknowledgments, by Virgil L. Barr. 
Minerals in the World Economy, by Stephen C. Brown. 
The mineral industry of-
, Afghanistan, by L. Nahai. 
Albania, by Bernadette C. Michalski and K. P. 
Wang. 
Algeria, by Thomas G. Murdock. 
Angola, by Thomas G. Murdock. 
Argentina, by Sumner M. Anderson. 
Australia, by Lester G. Morrell. 
Austria, by Justin B. Gowen. 
Bahrain, by F. L. Klinger. 
Basutoland, Bechuanaland, and Swaziland, , by 
Thomas C. Denton. 
Belgium, by L. Nahai. 
Bolivia, by Frank E. Noe and Sumner M' Anderson. 
Brazil, by Garn A. Rynearson. 
'British Guiana, by Gnrn A. Rynearson. 
Bulgaria, by K. P. Wang and Roman V. Sonder-
mayer. 
Burma, by K. P. Wang. 
Cambodia, by J. M. West and K. P. Wang. 
Cameroon, by ThomasG. Murdock. 
Canada, by Lester G. Morrell. 
Central African Republic, by Thomas G. Murdock. 
Ceylon, by Charles L. Kimbell. 
Chad. by Thomas G. Murdock. 
11 Reprints of individual chapters will be available in 1965 
at prices ranging from 10 to 35 cents. Obtainable. from 
the Superintendent of Documents, U.S. Government Prmting 
Office. Washington, D.C., 20402. 
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Chile, by Lester R. Brown, Jr., and Sumner M. 
Anderson. 
China (mainland), by K. P. Wang. 
Colombia, by Walter C. Woodmansee. 
Congo, Republic of (Brazzaville), by Thomas G. 
Murdock. 
Congo, Republic of the (Leopoldville), by Thomas 
G. Murdock. 
Costa Rica, by SUnmer M. Anderson. 
Cuba, by Sumner M. Anderson. 
Cyprus, by Anton W. T. Wei. 
Czechoslovakia, by Roman V. Sondermayer and K. 
P. Wang. 
Denmark, by Charles D. Hoyt. ' 
Dominican Republic, by Sunmer M. Anderson. 
Ecuador, by SUnmer M. Anderson and Lester R. 
Brown, Jr. 
EI Salvador, by Henry E. Stipp. 
Ethiopia, by Thomas G. Murdock. 
Fiji Islands, by J. M. West. 
Finland, by Anton W. ':C. Wei. 
France, by L. Nahai. 
Gabon, by Thomas G. Murdock. 
Germany, East, by Roman V. Sondermayer and 
Bernadette C. Michalski. 
Germany, Federal Republic of, by L. Nahai. 
Ghana, by Thomas S. Denton. 
Greece, by J. M. West. 
Greenland, by Lester G. Morrell. 
Guatemala, by Henry E. Stipp. 
Guinea, by Thomas G. Murdock. 
Haiti, by Sumner M. Anderson. 
HondUras, by Henry E. Stipp. 
Hong Kong, by J. M. West. 
Hungary, by Roman V. Sondermayer and K. P. 
Wang. 
India, by L. Nahai. ' 
Indonesia, by Anton W. T. Wei. 
Iran, by L. N ahai. 
Iraq, by F. L. Klinger. 
Ireland, by Walter C. Woodmansee. 
Israel, by F. L. Klinger. 
Italy, by F. L.~linger. 
Ivory Coast, by Thomas G. Murdock. 
Jamaica, by Garn A. Rynearson. 
Japan, by K. P. Wang. 
Jordan, by L. Nahai. 
Kenya, Tanganyika, and Uganda, by Thomas C. 
Denton. 
Korea, North, by K. P. Wang. ' 
Korea, South, by J. M. West and K. P. Wang. 
Kuwait, by F. L. Klinger. 
Kuwait-Saudi Arabia Neutral Zone, by F. L. 
Klinger. 
Laos" by K. P. Wang. 
Liberia, by Thomas C. Denton. 
Libya, by Taber de Polo. 
Luxembourg, by Anton W. T. Wei. . 
Malagasy Republic, by Thomas G. Murdock. 
Malaysia, by J. M. West and K. P. Wang. 
Mauritania, by Thomas G. Murdock. .. 
Mexico, by Henry E., Stipp and Sumner M. Ander-
son. 
Mongolia, by K. P. Wang. 
Morocco, by Thomas G. Murdock. 
Mozambique, by Thomas G. Murdock. 
Netherlands. by WaIter C. Woodmansee. 
Netherlands' Antilles, by Eugene R. Slatick. 
New Caledonia, by J. M. West. 
New Zealand, by Lester G. Morrell. 
Nicaragna, by Henry E. Stipp. 
Nigeria, by Taber de Polo. 
Norway, by Charles D. Hoyt. 
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Pakistan, by L. Nahai. 
Panama, by SUmner M. Anderson. 
Paraguay, by Sumner M. Anderson. 
Peru, by John Burgess, Sumner M. Anderson, and 
Lester R.Brown, Jr. 
Philippines, by K. P. Wang. 
Poland, by Bernadette C. Michalski. 
Portugal, by Anton W. T. Wei. 
Qatar, by F. L. Klinger. 
Rhodesia and Nyasaland, Federation of, by Thomas 
C. Denton. 
Rumania, by Roman V. Sondermayer and K. P. 
Wang. 
Rwanda, by Thomas G. Murdock. 
Saudi Arabia, by F. L. Klinger. 
Senegal, by Thomas G. Murdock. 
Sierra Leone, by Thomas C. Denton. 
Somali Republic, by Thomas G. Murdock. 
South Africa, Republic of, by Thomas G. Denton. 
South Arabia, Federation of, by F. L. Klinger. 
South-West Africa, by Thomas C. Denton. 
Spain, by Taber de Polo. 
Sudan, by Thomas G. Murdock. 
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Surinam, by Garn A. Rynearson. 
Sweden, by E. J. Gealy, 
Switzerland, by Walter C. Woodmansee. 
Syrian Arab Republic, by F. L. Klinger. 
Taiwan, by J. M. West. 
Thailand, by J. M. West. 
Togo, by Thomas G. Murdock. 
Trinidad and· Tobago, by Gordon W. Koelling. 
Trucial Coast and Muscat and Oman, by F. L. 
Klinger. 
Tunisia, by Thomas G. Murdock. 
Turkey, by L. Nahai and Clarence A. Wendel. 
U.S.S.R., by V. P. Sokoloff. 
United Arab Republic (Egypt), by Thomas G. Mur-
dock. 
Upper Volta, by Thomas G. Murdock. 
Uruguay, by Garn A. Rynearson. 
Venezuela, by Sumner M. Anderson and Lester R. 
Brown, Jr. 
Viet-Nam, North, by K. P. Wang. 
Viet-Nam, South, by J. M. West and K. P. Wang. 
Yugoslavia, by Roman V. Sondermayer. 
SCHEDULES 12 
S lH. Explosives and Related Articles: Tests for 
Permissibility and Suitability. Federal Register, 
v. 26, No. 39, Mar. 1, 1961, 4 pp. (Supersedes S 
lG.) 
S 16E. Multiple-Shot Blasting Units: Tests for Per-
missibility; Fees. Federal Register, v. 25, No. 103, 
May 26, 1960, 3 pp. (Supersedes S 16D.) 
S 2/yB. Dust Collectors for Use in Connection with 
Rock Drilling in Coal Mines: Tests for Permissi-
bility and Suitability; Fees. Federal Register, v. 
25, No. 133, July 9, 1960, 4 pp. Supersedes S 25A) 
Amendments to S 25B. Dust Collectors for Use in 
Connection with Rock Drill'ing in Coal Mines: 
Tests for Permissibility and Suitability; Fees. Fed-
eral Register, v. 26, No. 58, Mar. 28, 1961, 1 p. 
S 31. Mobile Diesel-Powered Transportation Equip-
ment. for Gassy Noncoal Mines and Tunnels: Tests 
for Permissibility and SUitability; Fees. Federal 
Register, v. 26, No. 14, Jan. 24, 1961, 7. pp. 
S 32. Methane-Monitoring Systems: Tests for Per-
missibility; Fees. Federal Register, v. 26, No. 226, 
Nov. 23, 1961, 4 pp. 
COOPERATIVE PUBLICATIONS 
The following reports, resulting from in-
vestigations conducted cooperatively by the 
Bureau of Mines and the agencies noted, have 
been written in part by members of the Bureau 
and publis~ed by the cooperating agency. 
WITH THE BONNEVILLE POWER ADMINISTRATION, U.S. 
DEP ARTMEN.T OF THE INTERIOR 13 
BP A. The Titanium Industries and Their Relation 
to' the Pacific Northwest, by Frank B. Fulkerson 
and Jerry J. Gray. Pacific Northwest Economic 
Base Study for Power Markets. V. 2. part 7G. 
46 pp. 6 figs. Includes a histO'ry of the industry, 
a study of raw material sources and requirements, 
a consideration ·of markets, and a study of the 
competitive position O'f Pacific Northwest producers. 
Work done in cooperation with the Bonneville 
Power Administration. 
WITH THE GEOLOGICAL SURVEY OF ALABAMA, 
DIVISION OF ECONOMIC GEOLOGY H 
AGS. LaMont, W. E., and E. L. Hastings. Resource 
and Beneficiation Studies orf Copper-Bearing Pyrite 
Ore, Pyriton, Clay County, Alabama. Alabama 
Geol. Survey Circ. 27, 1964. 26 pp. S figs. 
WITH THE MARYLAND DEPARTMENT OF GEOLOGY, 
MINES, AND WATER RESOURCES AND THE GEOLOGI-
CAL SURVEY, U.S. DEPARTMENT OF THE INTERIOR 13 
MNR. Physical Properties of Nonmarine Cretaceous 
Clays in the Maryland Coastal Plain, by Maxwell 
M. Knechtel, Howard P. Hamlin, John W. Hoster-
man, and Dorothy Carroll. Maryland Dept. of Ge-
ology, Mines, and Water Resources, Bull. 23, 1961. 
11 pp. 7 figs. 
WITH THE PUBLIC HEALTH SERVICE, U.S. DEPARTMENT 
OF HEALTH, EDUCATION, ANDWELF ARE 
t PHS. Uranium Miners: Your Ounce of PreventiO'n, 
by the Public Health Service and the Bureau of 
Mines. Public Health Service Pub. 708, 1959. 
WITH THE VffiGINIA DEPARTMENT OF CONSERVATION 
AND ECONOMIC DEVELOPMENT, DIVISION OF MIN-
ERAL RESOURCES 16 
VMR. Analyses of Clay, Shale, and Related Materi-
als-Norther!]. Counties, by James L. Calver, How-
ard P. Hamlin, and Robert S. Wood. Virginia Divi-
12 15 May be obtained only from Director, Department of 
Sche?ules a.nd amendments to schedules are printed in Geologv, Mines. and Water Resources, 102 Latrobe Hall, 
the Federal RegIster. J h 'H k' U· 't BIt' Md 21218 
13 May be obtained only from Chief, Branch of Power Mar-- 0 ns op IllS .mversl y, a Imore,. . . .. 
keting Bonneville Power Administration POBox 3621 . 16l\:[ay be obtamed only from the State GeolOgIst, DIviSIOn 
PortlaiId. Oreg. 97208. ' " , of Mineral Resoilrces, Box 8667, University Station, Char-
14 Obtainable only from the Geological Survey of Alabama, lottesville, Va. 22901. 
University, Ala. 35486. t Out of print. 
16 
sion of Mineral Resources, Min. Res. Rept. 2, 1961. 
194 pp., 28 figs. 
MONOGRAPH 
A monograph is a detailed report of a cooper-
ative investigation of a special subject in which 
the Bureau of Mines and, another organization 
are mutually interested and usually relates to a 
study of problems encountered in production, 
distribution, or utilization of mineral fuels. 
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M 11. Using Foaming Agents to Remove Liquids 
From Gas Wells, by H. N. Dunning, J. L. Eakin, 
and C. J. Walker. 1961. 38 pp. 16 figs. Discusses 
principles of foam formation, properties of foaming 
agents, and methods of laboratory and field testing. 
Presents results from more than 60 field tests. 
Work done in cooperation with Pipeline Research 
Committee of the American Gas Association and the 
State of Oklahoma. (May be obtained only from 
the American Gas Association, 605 Third Avenue, 
New York, N.Y., 10016. Price $2.00). 
ANNUAL, REPORT O~ THE DIRECTOR, BUREAU OF MINES17 
DAR 1960. Annual' Report of the Director of the 
Bureau of Mines to the Secretary of the Interior, 
for the Fiscal Year Ended June 30, 1960. Marling 
J. Ankeny, Director. (Reprinted from the, Annual 
Rep0rt of the Secretary of the Interior for the Fis-
cal Year Ended June 30, 1960. pp. 139-174. 
DAR 1961. Annual Report of the Director of the 
Bureau of Mines to the Secretary of the Interior, 
for the Fiscal Year Ended June 30, 1961. Marling 
J. Ankeny, Director. (Reprinted from the Annual 
17 Obtainable from the Publications Distribution Section, 
Bureau of Mines, 4800 Forbes Avenue, Pittsburgh, Pa., 15213. 
17 
Report of the Secretary of the Interior for the Fis-
cal Year Ended June 30, 1961, pp. 223-262.) 
DAR 1962. Annual Report of the Director of the 
Bureau of Mines to the Secretary of the Interior, 
for the Fiscal Year Ended June 30, 1962. Marling 
J. Ankeny, Director. (Reprinted from the Annual 
Report of the Secretary of the Interior for the Fis-
cal -rear Ended June 30, 1962, pp. 363-403. 
DAR 1963. Annual Report of the DIrector of the 
Bureau of Mines to the Secretary of the Interior, 
for the Fiscal Year Ended June 30, 1963. Marling 
J. Ankeny, Director. ,(Reprinted from the Annual 
Report of the Secretary of the Interior for the Fis-
cal Year Ended June 30, 1963, pp. 401-441.) 
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RI 5529. Heats of Combustion and· Formation of 
Molybdenum Subnitride and Chromium Subnitride, 
by AlIa D. Mah. 1960. 7 pp. Measures heats of 
combustion of molybdenum and chromium sub-
nitride, combines data with previous determinations 
of the heats of formation of molybdenum trioxide 
and chromium sesquioxide to obtain heats of for-
mation of the· two subnitrides from the elements at 
298.15 0 K.; and. compares heat data with those of 
nine other nitrides. 15 cents. 
Ri 5530. Manganese Deposits of the Olympic Penin-
sula, Wash., by, ,E. A. Magill. 1960. 82 pp. 54 
figs. Describes, 67 manganese deposits in Clallam, 
Jefferson, Mason, and, Grays Harbor ,Counties. 
Twelve (leposits, have, produce<J, II;langanese ore and 
more than 9,5 percent of the, total Olympic Penin .. · 
sula manganese production bas co;m,e' from the 
Crescent mine in Clallam County. 50 cents. 
RI ,5545. Bureau' of; Mines Gas-(Jombustion ,Retort 
for Oil Shale: A Study of, the Effects of Process 
Variables, by R3:ymond O. Dannenberg' and Arthur 
Matzick. 1960. 73 pp. 21 figs. Presents results 
of a series of experiments on a 6-ton-per-day gas-
combustion pilot retort. The experiments were de-
Signed to gain information concerning the effects 
of the process variables on operational character-
istics,' product yields, and product properties. 
RI 5548. Frictional Ignition of Gas During a Roof 
Fall, by John Nagy and Edward M. Kawenski. 
1960. 11 pp. 2 figs. Sandstone, shale, and other 
materials encountered in coal mines can cause fric-
tional sparks that can ignite methane, an explosive 
gas usually found in such mines, according to th~s 
publication describing tests on frictional ignition. 
RI 5549. Metallurgical Laboratory Data on Reduc-
tion and Refining of Ceric Oxide and Cerous Fluo-
ride to Cerium Ingot, by E. Morrice, J. Darrah, E. 
Brown, C. Wyche, W. Headrick, R. Williams, and 
R. G. Knickerbocker. 1960. 36 pp. 2 figs. Pre-
sents data on reduction and refining of cerium. 
RI 5550. Recovering Iron Concentrates From the 
Pea Ridge Deposit, Central Missouri, by D. W. 
Frommer and M. M. Fine. 1960. 14 pp. 3 figs. 
Describes mineral dressing research on three sam-
ples of iron ore from the Pea Ridge deposit. Work 
done in cooperation with St. Joseph Lead Co. 
RI 5552. Tungsten Resources of Montana: Depos-
its of the Mount Torrey Batholith, Beaverhead 
County, by Eldon C. Pattee. 1960. 41 pp. 36 figs. 
Contains assays and other data obtained in Bureau 
study of 22 tungsten properties in and near the 
Mount Torrey batholith. southwestern Montana. 
Most deposits are in Lost Creek, 'Utopia, and Bald 
Mountain mining districts and are contact meta-
morphic or quartz-fissure-vein type. The Brown's 
Lake mine, major producer, has yielded more than 
625.000 tons of ore. $1.25. 
RI 5f)55. Molybdenum Casting Development, by E. 
D. Calvert, S. L. Ausmus, S. A. O'Hare. and A. H. 
Roberson. 1960. 16 pp. 10 fig'S. Describes the 
succe~sful arc casting of molybdenum into static or 
centrifugal molds. 
RI 5556. Anthracite Gas-Producer Tests at a Brick 
Plant, by R. F. Tenney, J. D. Clendenin, and W. S. 
Sanner. 1960. 25 pp. 5 figs. Presents results of 
an investigation on production and use of anthracite 
producer gas for industrial-process and brick-kiln 
heating; describes producer and periodic-kiln equip-
ment, operating procedures, and labor requirements. 
RI 5558. A Cost Study of Pumping Versus Flowing 
Oil Production From, Appalachian Waterfioods, by 
Robert L. Rough and Paul T. Bail. 1960. 63 pp~ 
31 figs. Presents results of an investigation of 
water-injection projects in the northwestern Penn-, 
sylvania and southwestern New York area, where 
oll-produci:I;lg, wells have been c()nverte,d from pump-
ing to fiowing ; includes cost data of waterfiooding 
properties s.o converted. ' 
RI 5559. Gasification of Pulverized Coal at Atmos-
ph~ric' Pressure: Discussion of Pilot-PI~nt Deve{op-: 
'ment, Study of Process Variables, and Relative 
'Gasification Characteristics of Coais of Different 
Rank, by G. R; Strimbeck, J. H~ Holden, F. Bonar, 
K. 'D. Plants,C. D. Pears, and L.L. Hirst. 1960. 
68 pp. 40 figs. Describes atmospheric-pressure 
pilot '. plllnt for gasifying coal in produGing synthe-
sis gas and the,' op~atin:g perfor:plariceof· the pilot 
plant. 
RI 5560. Survey of Face Ventilation Practices in 
Coal Mines, by R. W. Stahl and F. F. Kapsch. 
1960. 13 pp. 13 figs. Describes problems encoun-
tered in maintaining adequate ventilation of coal-
mine working,s while using continuous-mining ma-
chines.' , 
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DI 5561. Geologic Factors Related to Block Caving 
at San Manuel Copper Mine, Pinal County, Ariz. 
2. Progress Report, April 1956-March 1958, by 
E. D. Wilson. 1960. 43 pp. 27 figs. Results of 
study show that the principal geologic factors that 
affect block caving at the San Manuel mine are 
structure, rock types, alteration, mineralization, 
oxidation, and presence of water; main structural 
feature is fracturing. 
RI 5562. The AnalysiS of Kinetics by the Method of 
Constant Compositions, by Sabri Ergun and Morris 
Mentser. 1960. 9 pp.' 3 figs. The method of con-
stant compositions, w;ed heretofore in evaluating 
the energy of activation only, involves the deter-
mination of the time required for the attainment 
of a given conversion at various temperatures. In 
this study a method is developed that makes pos-
sible the evaluation of the functional dependence 
upon composition and frequency factor in addition 
to the energy of activation. 
RI 5563. Experiments in Crushing Green River 
Oil Shale, by Arthur Matzick, R. O. Dannenberg, 
and Boyd Guthrie. 1960. 64 pp.' 37 figs. Presents 
Bureau of Mines data on crushing experiments, 
physical properties, and related information on 
Colorado oil shale. 
RI 5564. Beneficiating a Complex Sulfide-Oxide 
I~ead·Zinc Ore from Missouri, by H. E. Powell~ 
1960. 10 pp. Presents results of tests made to 
recover lead and zinc from sulfide-oxide lead-zinc 
ore. 
RI 5565. High-Temperature Heat Contents and En-
tropies of Aluminates and Ferrites of Lithium and 
Sodium, and of Lithium Titanate, by A. 'U. Chris-
tensen, K. C. Conway, and K. K. Kelley. 1960. 7 
18 Free publications are obtainable from the Publication 
Distribution Section, Bureau of Mines, 4800 F{)rbes Avenue, 
Pittsburgh, Pa. 15213. 
pp. 3 figs. Gives Bureau-determined experimental 
heat content values above 298.15° K for these in-
teroxidic compounds. Heat content results are pre-
sented both as tables and as algebraic equations for 
use in conducting thermodynamic calculations at 
temperatures ranging from 298 0 to 2,0000 K. 15 
cents. 
RI 5566. Experimental Treatment of Base-Metal 
Ores From California and Nevada, by A. L. Engel 
and H. J. Heinen. 1960. 9 pp. Describes experi-
mental treatment of six base-metal ores from Inyo, 
Imperial, and Shasta Counties in California and 
Lincoln .and Washoe Counties in Nevada. 
RI 5567. Electronegativities of the. Rare-Earth Ele-
ments, by R. L. Montgomery. 1960. 11 pp. 6 figs. 
Gives revised electro negativity . values for the more 
electropositive elements, including the rare-earth 
metals; compares estimates of unknown heats of 
formation made from electronegativities with other 
estimates. 
RI· 5568. Application of Buckley-Leverett Tech-
niques in Oil-Reservoir Analysis, by R. V. Higgins. 
1960. 21 pp. 7 figs. Outlines procedures in pro-
pO,sed methods for quickly (1) determining the 
saturation at breakthrough, (2) 'approximating 
relative permeabilities of cores, and (3) evaluating 
,the preferential wettability of a core to oil and 
,water. 
RI 5569. Washability Characteristics of Mammoth 
and Holmes Vein Anthracites, by D. E. Ingersoll 
and J. W. Eckerd. 1960. 12 pp. 1 fig. Describes 
preparation. characteristics of anthracite from the 
Mammoth and Holmes veins as determined by Bu-
reau's laboratory separations at specific gravities 
of 1.50 to 1.90. ' 
RI 5570. Liquid-Liquid Extraction of Rare-Earth 
Elements, by D. J. Bauer, A. C. Rice, and J. B. 
,Berber. 1960. 10pp. 5 figs. Presents results of 
investigation by Bureau of liquid-liquid extraction 
techniques for the fractionation of rare-earth solu-
tions. 
RI - 5571. Low-Temperature Heat. Capacities and 
Entropies at 298.15 0 K. of the Zirconates of Cal-
cium, Strontium, and Barium, by E. G. King and 
W. W. Weller. 1960. 3 pp. 1 fig. Presents data 
obtained at a Bureau laboratory, by heating mix-
tUres of alkaline-earth metals and· pure zirconia. 
Also gives entropies of formation from the constitu-
ent oxides. 5 cents. 
RI 5572. Preparation Characteristics of Coal From 
Monongalia County, W. Va., by T. E. Gray and 
E. R. Palowitch. 1960. 42 pp. 3 figs. Describes 
washability studies to determine, whether coals in 
Monongalia County can be upgraded to metallurgi-
cal quality. Samples came from Pittsburgh. Red-
stone, Upper Freeport, Sewickley, Upper Kittan-
ning, and Waynesburg beds. 
RI 5573. Operation of Pressure-Gasification Pilot 
Plant Utilizing Pulverized Coal and Oxygen. ' A 
Progress Report, by .J. H. Holden. G. R. Strimbeck, 
:r. P. McGee. L. F. Willmott, and L. L. Hirst. 1960. 
5fl pp. 33 figs. Covers experimental re::mlts of oper-
nting a pliot plant designed for gaSifying pulver-
ized coal, using oxygen and steam, at pressures up 
to 300 psig ·and describes al'terations to the ba:sic 
pilot plant described in an earlier report. 
RI 5574. Hydrogenating Shale Oil and Catalytic 
Cracking of Hydrogenated Stocks, by C. M. Frost, 
H., C. Carpenter, C. B. Hopkins, Jr., S. S. Tihen, 
and P. L. Cottingham. 1960. 17 pp. 5 figs. Pur-
pose of present work was to study recycle hydro-
genation of gas-combustion shale oil at 3.000 psi 
pressure as a means of preparing a 7000 F end-
point catalytic cracking stock and to study yields 
and properties of gasoline obtainable by catalyti-
Repo.rts of Investigations 
cally cracking this stock. Work done in coopera-, 
tion with University of Wyoming. 
RI 5575., Experimental Smelting of Aluminum Sili-
cates to Produce Aluminum-Silicon Alloys, by Oli-
ver C. Fursman and Lloyd, H. Banning. 1960 .• ' 23 
pp. 4 figs. Describes work conducted to determine 
the feasibility of producing aluminum-silicon alloys 
in a pit-type, three-phase electric-arc furnace. 
RI 5576. Utilization Studies on Chromite From 
Seiad Creek, Calif., by W. L. Hunter and G. V. 
Sullivan. 1960. 37 pp. 9 figs. ; Describes results 
of beneficiation and smelting' studies conducted ' by 
Bureau on chromite samples from the Emma Belle 
and Seiad Creek prospects., ,; 
RI 5577. Exaniination of Ilmenite-Bearing Sands in 
Otter Creek Valley, Kiowa and Tillman Counties, 
Okla., by A.D. Hahn and M. M. Fine. 1960. 77 
pp. 24 figs.' Describes Bureau examination of the 
ilmenite-bearing placer sand deposits in the 24-mile-
long valley of Otter Creek. The deposits were sam-
pled by drilling 330 holes, aggregating 13,025 feet of 
bore, and' taking 1,218 samples of cuttings from the 
holes. 
RI 5578. C;rushing Chestnut-Size Anthracite to Pro-
duce Buckwheat- No.1 and Rice Sizes, by J. W. 
Eckert, W. S.Sanner, and A. F. Baker. 1960. 20 
pp.7 figs. Gives results of Btireau study of the 
crushing of chestn:ut-size Pennsylvania anthracite 
in four commercial crushers-impact, jaw, hammer-
mill, and gyratory types-'-to determine which could 
produce the largest proportions. of buckwheat Nos. 
1 and 2 sizes. . '. 
RI 5579. Reconnaissance of California Manganese 
Deposits, by Russell R. Trengrove. 1960. 46 pp. 
8 figs. Gives results of Bureau survey to determine 
California's potential manganese reserves, listing 
characteristics, location, and last-known owners of 
most important deposits, and reporting outcome of 
metallurgical tests. 35 cents.. ' 
RI 5580. Quick, Nongraphical, Noniterative Method 
for Gas-Drive· Predictions-Short Tarner, by R. V. 
Higgins and A. J. Leighton. 1960. 18 pp. 1 fig. 
A fast, accurate technique for calculating oil recov-
ery by expansion of dissolved gas, with or without 
pressure maintenance. The Bureau's' system, de-
rived from the short Tarner method, eliminates 
need for plotting calculated data and enables pe-
troleum engineers to predict oil recovery quickly 
and precisely. Report shows how to make neces-
sary calculations under various operating conditions 
and how to minimize the listing of intermediate 
calculations to determine recovery of oil for pres-
sure decrements more rapidly. 
19 
RI 5581. Electrorefining Beryllium. Preliminary 
Studies by M. M. Wong, F. R. Cattoir, and D. H. 
Baker, Jr. 1960. 9 pp. 3 figs. Presents results 
of preliminary experiments in which thin platelike 
crystals of beryllium metal were produced by elec-
trolyzing .te~hriica.1-grade beryUium beads. 
RI 5582. Rapid Method for Determining Lime, Mag-
nesia and Titania in Blast-Furnace Slags and 
Othe; Calcareous Materials, by David J. Kusler, 
Elizabeth A. Hattmann. Glenn R. Zellars, and Rich-
ard H. Jefferson. 1960. 12 pp. Gives details of 
method developed in a Bnreau laboratory and al-
ready applied satisfactorily to routine analysis of 
blast-furnace slags and similar materials; lists 
equipment and reagents required. 
RI 5583. Expansion of Coal: Bench-Scale Tester, by 
J. E. Wilson and B. W. Naugle. 1960. 11 pp. 6 
figs. Describes development and operation of small 
,laboratory device that utilizes a 71-gram coal sam-
ple to determine effects of snch variables as oxida-
tion, blending, bulk density, inerts, size consist, 
petrograrphic differences, and rate of hea-ting. 
Reports ·of Investigations 
RI 5584. Use of High-Speed Camera in Blasting 
Studies, by Byron E. Blair. 1960. 32 pp. 18 figs. 
Exposing supersensitive fi,lm at speeds up to 3,200 
frames per second, this camera faithfully records 
blasting phenomena that occur in fractions of a sec-
ond. Report gives detailed descriptions of the 
photographic equipment employed by the Bureau. 
and step-by-step instructions on its use. 
RI 5585. Effects of Temperature Variations on Con-
tact Angles for Coal and Related Substances, by 
J. B. Gayle and A. G. Smelley. 1960. 16 pp. 9 
figs. Details of an investigation indicating that 
varia'tions in temperature between. 1 ° and 60° C 
influence markedly and in a complex manner the 
contact angles for coals and similar substances. 
Results also suggest that normal temperature varia-
tions may affect both quantity and quality of coal 
and other minerals recovered by flotation processes. 
Work done in cooperation with University of Ala-
bama. 
RI 5586. Effect of Antimony on Tensile Properties 
of Titanium, by J. D. Ramsdell and W. H. Lenz. 
1960. 11 pp. 12 figs. Results of experiments in 
which alloys, based on 'several grades of titanium 
metal containing up to 10 percent antimony, were 
arc-melted and processed to sheet by hot and cold 
rolling. Although Bureau was unable to confirm 
improved ductility reported by other researchers, 
tests showed ·that, for the same hardness level, 
titanium-antimony alloys have adquate ductility 
and higher yield strengths than unalloyed titanium. 
Materials and experimental procedure are de-
scribed in detail. ' 
RI 5587. Properties' of Petroleum From the Four 
Corners Area of Arizona, Colorado, New Mexico, 
and Utah, by W. J. Wenger and. B. W. Reid. 1960. 
25 pp. 3 figs. Presents and compares 34 analyses 
of crude oils from fields in the Four Corners Area. 
Work done in cooperation with University of Wyo-
ming. 25 cents. 
RI 5588. Preparation of High-Purity Yttrium by 
Metallic Reduction of yttrium Trichloride, by F. E. 
Block, T. T. Campbell, R. E. MussIer, and G. B. 
Robidart. 1960. 22 pp. 17 figs. Describes ex-
periments in which yttrium trichloride was reduced 
to extremely pure metal by reacting it with hot 
lithium or sodium metal in a crucible filled with 
inert gas. . Study showed that high-purity" yttrium 
is ductible enough to be worked into a promising 
structural metal. Work done under a cooperative 
agreement with Atomic Energy Commission under 
Contract No. AT (11-1)-599. 
RI 5589. High-Purity Chromium by Electrolysis, 
by P. C. Good, D. H. Yee. and F. E. Block. 1960. 
17 pp. 5 figs. Results of a series of experiments 
in wbjch chromium metal was deposited in ultra-
pure form by passing an electric current through 
a hot solution of chromium trioxide. Bureau found 
that the chromium obtained could be processed to 
sheets and wire and had superior ability to with-
stand effects of high temperatures. 
RI 5590. Low-Temperature Heat Capacities and 
Entropies at 298.15° K. of. Strontium Sulfide and 
Barium Sulfide. by E. G. King and W. W. Weller. 
1960. 5 pp. 1 fig. Reports results of heat capac-
ity measurements of strontium sulfide and barium 
sulfide in the temperature range 50° to 298 0 K. 
15 cents. 
RI 5591. Properties of Titanium-Vanadium Cobalt 
Alloys, by J. D. Ramsdell and E. D. Hull. 1960. 
13 pp. 14 figs. Studies of 16 titanium alloys con-
taining 4 to 16 percent vanadium and 0 to 4 percent 
cobalt. 
RI 5592. Studies of Coke Oven Width, Flue Tem-
perature, and Coking Rate. Critical Survey of Lit-
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erature; Carbonizing Tests With Tuscaloosa Oven, 
by J. B. Gayle and W. H. Eddy. 1960. 35 pp. 18 
figs. Discusses tests of five coals and blends in an 
experimental coke oven adapted to permit operating 
at three different widths. Results indicated that 
moderate changes in oven width and flue tempera-
ture have little effect on coke properties when cok-
ing rates are kept constant. Work done in coopera-
tion with University of Alabama. 
RI 5593. Flotation Characteristics of Goethite, by 
I. Iwasaki, S. R. B. Cooke, and A. F. Colombo. 
1960. 25 pp. 17 figs. Vacuum flotation, 'contact 
angle, measurement, and simplified flotation tests 
with a modified Hallimond tube were tried experi-
mentally and data were correlated with the electro-
kinetic pro,perties of goethite. Results were applied 
in interpreting batch flotation tests on an artificial 
mixture of quartz and goethite. 
RI 5594. Gasification of Bone Anthracite, by J. W. 
Eckerd, J. D. Clendenin, W. S. Sanner, and R. E. 
Morgan. 1960. 24 pp. 9 figs. Describes tests made 
to determine technical feasibility of making pro-
ducer gas from chestnut-size bone anthracite in a 
conventional, commercial-size, rotating grate, dry-
ash-removal type gas producer. 
RI 5595. Analysis of 42 Crude Oils From Mexico, 
by C. M. McKinney and E. L .. Garton. 1960. 26 
pp. 1 fig. Gives source and general characteris-
tics of each crude-oil sample and summarizes ana-
lytical and computed data. All samples were ana-
lyzed by Bureau of Mines routine method. 
RI 5596. Reducing Titanium Tetrachloride With 
High-Surface Sodium, by D. C. Fleck, M. M. Wong, 
and D. H. Baker, Jr. 1960. 10 pp. 1 fig.' De-
scribes experiments made as part of a continuing, 
Bureau p~ogram to improve the extractive metal-
lurgy of titanium. Includes information on con-
struction and' operation of a vertical reactor and 
analyses of products obtained. 
RI 5597. Studies of Several Flocculants to Improve 
Hydraulic Backfill Characteristics, by John D. 
Bardill and Donald L. Cenis. 1960. 19 pp. Pre-
liminary laboratory tests with 18 reagents made to 
determine effects on settling rates of fine-size tail-
ings and comparative percolation rates of un:floc-
culated and :flocculated tailings slurries. Work 
done under a (fellowship agreement cosponsored 
by Bureau and Montana School of Mines. 
RI 5598. Flotation of Low-Grade Mercury Ores, by 
J. W. Town, R. S. McClain, and W. A. Stickney. 
1960. 34 pp. Results of studies with five ore 
types, varying from simple 'sili:ceous to almost com-
pletely opalescent and from unaltered siliceous to 
decomposed siliceous. Tests showed that recovery 
of mercury by flotation was directly related to 
grade of ore. A spectrographic method that gave 
rapid, 'accurate mercury determinations is de-
scribed. 
RI 5599. Technology of Bastnasite, by J. S. Berber, 
V. E. Shaw, A. C. Rice, R. E. Lindstrom, and D. J. 
Bauer. 1960. 20 pp. 11 figs. Discusses develop-
ment of suitable methods for separating and puri-
fying bastnasite rare-earth elements. Techniques 
employed included claSSical chemical, ion exchange, 
and solvent extraction. 
RI 5600. Thermodynamic Properties of Manganese 
and Its Compounds, by AlIa D. Mah. 1960. 34 pp. 
3 figs. Summarizes basic metallurgical thermody-
namic data for manganese metal and its inorganic 
compounds; contains metallurgical reactions of 
manganese compounds; and presents basic thermo~ 
dynamic data for other elements and compounds 
involved in metallurgical reactions of manganese 
and its compounds. 30 cents. 
RI 5601. Secondary Recovery of Oil by Waterflood-
ing in Big Injun Sand, Roane County, W. Va., by 
W. M. Nabors, N. A. Caspero, Joseph Pasini III, 
and C. E. Whieldon, Jr. 1960. 49 pp. 23 figs. Dis-
cusses methods employed by three oil companies on 
leases in the Walton and Clover Rush Run pools. 
Although waterflooding could not be termed suc-
cessful for the projects studied, results were not so 
unfavorable as to rule out future attempts on 
other projects. Numerous maps and graphs sup-
plement the text. 
RI 5602. Separation of Chloride Vapors During Il-
menite Chlorination, by V. A. Nieberlein. 1960. 11 
pp. 3 figs. Presents results of research undertaken 
to recover titanium and columbium by low-tempera-
tUre chlorination of low-grade columbium-bearing 
ilmenite concentrates and to simultaneously remove 
chlorinated impurities' from the volatile chlorides 
without distillation. 
RI 5603. The Fischer-Tropsch Synthesis in the Oil-
Circulation Process: Experiments With a Nitrided 
Fused-Iron Catalyst, by D. Bienstock, J. H. Field, 
A. J. Forney, J. G. Myers, and H. E. Benson. 1960. 
32 pp. 12 figs. Describes investigation made by 
Bureau of the Fischer-Tropsch reaction in the oil-
circulation process to study a.ctivity and durability 
of a nitrided fused iron in the process and to pre-
pare enough products to determine yield and quali-
ty of a finished synthetic gasoline rich in alcohols. 
RI 5604. Properties of Titanium-Vanadium-Zirco-
nium Alloys, by Jack D. Ramsdell and Ernest D. 
HUll. 1960. 12 pp. 11 figs. Presents results of 
investigation made to evaluate hardness, hot work-
ability, and room-temperature tensile properties of 
arc-melted titanium-vanadium-zirconium alloys. 
RI 5605. Simulated Underground Gasification of 
Coal and Electrolinking-Carbonization Method of 
Preparing Path in a Coalbed, by Marvin W. Wil-
son, Lester L. Hirst, James L. Elder, John P. Capp, 
and Joseph J. Gentile. 1960. 61 pp. 46 figs. De-
scribes experiments conducted by Bureau in a hori-
zontal, rectangular retort to investigate the process 
of gasifying coal underground; also describes tests 
made to investigate properties of coal and other 
factors affecting the electrolinking-carbonization 
method of preparing a path through a coalbed be-
for gasification. 
RI 5606. Back-Pressure Tests on Gas-Storage -Proj-
ects, by C. J. Walker, J. S. Miller, and H. N. Dun-
ning. 1960. 30 pp. 13 figs. Presents results of 
back-pressure tests on groups of wells in six gas-
. storage projects and one gasfield. Work done in 
cooperation with State of Oklahoma and American 
Gas Association. 
RI 5607. Performance of Small Industrial-Type 
Anthracite-Burning S,tokers: ASl\IE Oode Tests, by 
R. F. Tenney and J. W. Eckerd. 1960. 57 pp. 14 
figs. Presents results of tests by the BUreau of the 
performance of four anthracite stokers-Hazleton, 
Skelly, Losch, and E.F.M . ...,-under identical 74-hp 
steam boilers. Fifty runs· of 12 and 24 hours' dura-
tion were made in accordance with the ASME test 
code. 
RI 5608. Computer Programs for Tarner Calcula-
tions of Gas-Drive Oil Recovery by Analytical or 
Iterative Method, by R. V. Higgins and A. J. 
Leighton. 1960. 12 pp. 3 figs. Presents two 
schematic programs-analytic and iterative-for 
calculating performance of gas-drive reservoirs by 
electronic computers. 
RI 5609. Preparation Characteristics of Coal From 
Butler County, Pa., by T. E. Gray and E. R. Palo-
witch. 1960. 49 pp. 3 figs. Describes washability 
studies to determine whether coals in Butler County 
can be upgraded to metallurgical grade. Samples 
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came from Upper and Lower Freeport, Middle and 
Lower Kittanning, Clarion, and Brookville beds. 
RI 5610. Flammability Limits of Methane and Eth-
ane in Chlorine at Ambient and Elevated Tempera-
tures and Pressures, by A. Bartkowiak and M. G. 
Zabetakis. 1960. 6 pp. 3 figs. Presents results 
of study made to determine limits of flammability 
of methane and ethane in chloride at pressures of 
1, 100, and 200 psig and temperatures of 28°, 
1000 , and 2000 C. Work done in cooperation with 
the Ethyl Corporation. 
RI 5611. Leonardite: A Lignite Byproduct, by Wal-
ter W. Fowkes and Clyde M. Frost. 1960. 12 PP. 
7 figs. Leonardite, a soft coallike substance asso-
ciated with lignite, can be produced in a laboratory 
under controlled conditions. Report gives results 
of proximate and elemental analyses of leonardite 
as found in North Dakota and Texas and as pro-
duced in the laboratory. 
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RI 5612. Tungsten Resources of Montana: Deposits 
of the Philipsburg Batholith, Granite and Deer 
Lodge Counties, by D. D. Walker. 1960. 55 pp. 
32 figs. Second in a series on Montana tungsten, 
report contains assays and other data obtained in 
Bureau study of 43 tungsten deposits of the Philips-
,burg batholith in west-central Montana. 'The ,de-
posits are in Black Pine-Henderson, Philipsburg, 
Silver Lake, and Foster Creek areas. RI 5552, 
Tungsten, Resources of Montana:' Deposits of the 
Mount Torrey Batholith, Beaverhead County, is the 
first report in series. 
RI 5613. Hazards of Cutoff Explosive Charges in 
Multiple Blasting of Coal, by John Nagy, Irving 
Hartmann, Edward M. Kawenski, and Robert W. 
Van Dolah. 1960. 23 pp. 5 figs. Presents results 
of a study of the gas-ignition hazard of a cutoff 
charge and of single charges of explosives fired in 
coal. 
RI 5614. Oil Yields of Sections of Green River Oil 
Shale in Colorado, 1954-57, by K. E. Stanfield, J. 
W. Smith, H. N. Smith, and W. A. Robb.1960. 186 
pp. 68 figs. Presents oil yields of cores drilled 
during 1954-57 in the Green River formation in 
Colorado that may be used for future reserve esti-
mates of oil shale in the United States. Supple-
ments RI 5081, Oil Yields. of Sections of Green 
River Oil Shale in Colorado, Utah, and Wyoming, 
1945-52, and 5.321, Oil Yields of Sections of Green 
River Oil Shale in Colorado, 1952-54, issued in 1954 
and 1957, respectively. 
RI 5615. Analyses of Tipple and Delivered Sam-
ples of Coal (Collected During the Fiscal Year 
1959), by S. J. Aresco, C. P. Haller, and R. F. 
Abernethy. 1960. 59 pp. Tenth in a series, report 
contains analytical data showing composition and 
quality of tipple and delivered samples of coal from 
mines in 24 States. including Alaska. 40 cents. 
RI 5616. Safety With Mobile Diesel-Powered Equip~ 
ment Underground, by John C. Holtz. 1960. 87 pp. 
29 figs. Describes Bureau research on diesel en-
gines. Gives precautions recommended by Bureau 
in using diesel-powered equipment underground in 
noneoal mines and tunnels. 
RI 5617. Use of Sonic Techniques in Exploring 
Coal-Mine Roof Strata: A Progress Report, by 
Charles E. Mongan, Jr., and Thomas C. Miller. 
1960. 15 pp. 11 figs. Evaluates progress by 
Bureau in its investigation to determine whether 
sonic techniques can be applied successfully to de-
termine hidden unconformities common to coal-
mine roof. 
RI 5618. Waterflood Performance in Stratified Res-
ervoirs. Recovery as Influenced by Relative Per-
meability Curves and by Continuously Changing 
Saturation, by R. V. Higgin~ and A. J. Leighton. 
; Reports of Investigations 
1960. 19 pp. 8 figs. Describes Bureau study made 
to evaluate the effect of layers of different perme-
ability on recovery as a fUnction of the water-oil 
ratio to ascertain in advance the potential oil 
... recovery. . 
RI 5619. Plant Performance Tests of the Tromp 
Dense-Medium OQal-Cleaning Process, by M. R. 
Geer, Michael Sokaski, and H. F. Yancey. 1960. 34 
pp. 6 figs. One of a series describing investiga-
tions by the Bureau of the performance of various 
types of coal-cleaning equipment, report deals with 
three plants using the Tromp dense-medium proc-
ess. The plants are of the Old Ben Ooal Corp., 
Roslyn-Ca'scade Coal Co., and Usibelli Coal Mine, 
Inc. Work done in cooperation with the Schoolort 
Mineral Engineering, University of Washington. 
RI 5620. Field Test for Beryllium Minerals: The 
Morin Fluorescence Method, by T. N. McVay. 1960. 
10 pp. 1 fig. Describes a modified method that 
provides a fast, dependable field test for beryllium 
minerals containing as little as 0.2 percent beryl 
or its equivalent. Work done in cooperation with 
the University of Alabama . 
. RI 5621. Use of Natural Gas in an .Experimental 
Blast Furnace, by Norwood B. Melcher, J. P. Mor-
ris,. E. J. Ostrowski, and P. L. Woolf. 1960. 15 pp. 
3 figs. Natural gas injected through auxiliary 
tuyeres into the smelting zone of the .Bureau's 
e~perimental blast furnace reduced the consump-
tion of coke, according to this publication de-
scribing tests on the use of natural gas in a blast 
furnace. . 
RI 5622. Equilibrium Pressures of Hydrogen Sul-
fide and Oarbon Dioxide Over Solutions of Potas-
sium Oarbonate, by J. S. Tosh, J. H .. Field, H. E. 
Benso,;n, and R. B. Anderson. 1960. 25 J'lP. 19 figs. 
D~scrlbes study made to obtain equilibrium data for 
evaluating the feasibility of using solutions of hot 
potassium carbonate for removing hydroa-en sulfide 
from gas mixtures. :" 
. RX 5623. Concentrating Argillaceous Surface Iron 
Ore of Tuscaloosa County, Ala. bv Washina- by 
I: L. Feld, R. E. Perry, and W. 'E. "Lamont. :"1960. 
15 pp. 5 figs.' Describes the development of a sim-
ple method of producing low-phosphorus hematite 
concentrates from submarginal southeastern iron 
ores. Work done in cooperation with the United 
States Pipe & Foundry 00. and the University of 
Alabama. . . 
RI 5624. Laboratory Equipment and Test Proce-
dures for Evaluating ExplosibiIity of Dusts, by 
Henry G. Dorsett, Jr., Murray' Jacobson, John 
Nagy, and Roger P. Williams. 1960. 21 pp. 9 
figs. Describes equipment and test procedures 
used by the Bureau in its stUdies on the explosi-
bility of dusts. Ignition temperatures, minimum 
e;x:plosive c?ncentration, electrical energy for igni-
. bon, exploslOn pressure, and rates of pressure rise 
are covered. 
RI 5625. Oorrelations Involving Different Screen 
Indexes for a Given Size Distribution of Ooke, by 
J. B. Gayle. 1960. 7 pp. Results of a study of 
size-distributinn data for liY'pothetical and coke 
screen analyses show that the different screen in-
dexes derived from any given set of screening data 
are inherently correlated. Includes equations de-
veloped for estimating the extent of these inherent 
correlations in terms of computed correlation co-
efficients. Work done in cooperation with Univer-
sity of Alabama. 
HI 5626. SulfUr in Lignite: Form and Transforma-
tions on Thermal Treatment, by Walter W. Fowkes 
and Jerome J. Hoeppner. 1960. 15 pp. Describes 
an investigation on the form and reactions of suI-
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fur in North Dakota lignite, which influence proc-
essing procedures in low-temperature carbonization 
or gasification of low-rank coal. 
RI 5627. Ignition by Hot Gases, by M. Vanpee and 
H. G. Wolfhard. 1960. 12 pp. 8 figs. Discusses 
processes that (letermine ignition when hot gases 
have a common boundary with cold explosive mix.-
tUres. Work sponsored in part by Project SQUID, 
which is supported by the Office of Naval Research. 
Presented at Oonference of Directors of Safety in 
Mines Research, Pittsburgh, Pa., September 28-
October 2, 1959. 
RI 5628. Oarbonizing Properties of Boone Oounty, 
W. Va., Ooals, by D .. llJ. Wolfson, G. W. Birge, and 
J. H. Lynch. 1960: 14 pp. 3 figs. Gives results 
of an investigation of the carbonizing properties of 
coals from nine beds-No.5 Block, Stockton-Lewis-
ton, Ooalburg, Winifrede, Ohilton, Hernshaw, Oedar 
Grove, Alma, and No. 2 Gas beds-by tp.e standard 
BM-AGA carbonization tests. This method permits 
com.parison of results on different coals. 
RI 5629. Acid Leaching of Oxidized Oopper. Ores 
By Downward Percolation, by W. A. McKinney and 
Carl Rampacek. 1960. 16 pp. 5 figs. Describes 
investigation made to obtain operating data per-
taining to the treatment of wholly oxidized copper 
ores by downward percolation leaching. 
RI 5630. Fused-Salt Electrorefining of Vanadium, 
by F. R. Oattoir and D. H. Baker, Jr. 1960. 11 pp. 
4 figs. Describes investigation undertaken to ascer-
tain the feasibility of using the fused-salt tech-
nique to produce a metal of greater purity than the 
present commercial vanadium metal. 
RI 5631. Extracting Final Stump in Pillars and 
Pillar Lifts With Oontinuous Miners, by R. W. 
Stahl. 1960. 13 pp. 11 figs. Describes survey con-
ducted by Bureau to ascertain how safe and success-
ful pilla ring, especially the removal .of final stumps 
in lifts 'Or the final stump of a pillar, is accomplished 
in some coal, mines, while others have considerable 
difficulty under similar conditions. 
RI 5632. Oontrolling Mine Fires With High-Expan-
sion Foam, by John Nagy, Edwin M. Murphy, and 
Donald W. Mitchell. 1960. 28 pp. 17 figs. Summar-
izes results of tests conducted by Bureau since 1958 
at its Experimental Ooal Mine of the pra:cticabiHty 
of the foam-plug technique for controlling coal-
mine fires under American mining conditions; sug-
gests procedures. for applying the methods to fire 
control in mines. 
RI5633. Bimetallic Reduction of Hafnium Tetra-
chloride, by Gerald W. Elger. 1960. 17 pp. 7 figs. 
Describes investigation' conducted to determine if 
higher purity hafnium metal could be produced 
by bimetallic .reduction of hafnium tetrachloride 
rather than by the conventional magnesium-reduc-
tion technique. Work done ;in cooperation with 
Atomic Energy Oommission and the Bureau of 
Ships, U.S. Department of the Navy. 
RI 5634. Vapor Pressures of Liquid Manganese and 
Liquid Silver, by. P. L. Woolf, G. R. Zellars, E. 
Foerster, and J.P. Morris. 1960.10 pp. 2 figs. 
Describes equipment and procednre for measuring 
vapor pressures of liquid manganese and silver. 
Measurements . of vapor pressure can be used to 
determine' thermodynamic activities of the compo-
nents of metallic solutions. 
RI 5635. Determining the Safety Characteristics of 
Unsymmetrical Dimethylhydrazine, by Joseph A. 
Herickes, Glenn H. Damon, and. Michael .G. Za-
betakis. 1960. 12 pp. 7 figs. Describes Bureau 
investigation of the flammability and explosibility 
of unsymmetrical dimethylhydrazine to evaluate 
hazards associated with commercial application of 
this material as a missile fuel. Work done in co-
operatioJ). with Westvaco Chlor-Alkali Division, 
, Food Machinery and Chemical Corp. 
RI 5636., X-Ray Crystallography of Boron, by Ray-
mond L. Carpenter and Haruo Kato. 1960. 8 pp. 
Describes powder X-ray diffraction techniques used 
to determine the crystal structure of samples pre-
pared from fused boron. 
RI 5637. Use of Membrane Filters for Determining 
the Size of Dust Agglomerates as They Actually 
Exist in a Gas Stream, by L. J. Kane, H. C. 
Wright, and C. C. Shale. 1960. 30 pp. 11 figs. 
Presents results of an investigation conducted by 
the Bureau to develop methods for determining 
size of dust agglomerates suspended in a gas stream. 
RI 5638., Producing Nickel-Bearing Iron From Cu-
ban Ores in a Batch Rotary Kiln, by Warren M. 
Mahan. 1960. 21 pp. 1 fig. Describes a rotary-
kiln process developed by the Bureau to produce an 
iron product containing from 3 to 7 percent nickel. 
RI 5639. Methods for Analyzing Titanium Metal for 
Tin, by T. A. Sullivan, R. W. Lewis, L. Carpenter, 
and B. J. 'Boyle. 1960. 14 pp. 2 figs. Presents 
results of investigative work on chemical-iron re-
duction .and lead reduction-optical emission spec-
trochemIcal, and fluorescent X-ray spectrographic 
methods for analyzing titanium metal for tin. 
RI 5640. Smelting Unfired Iron Ore Pellets in an 
Experimental Blast Furnace, by Norwood B. Mel-
cher and, Miles B. Royer. 1960. 9 pp. 2 figs. 
Describes tests of the feasibility of direct smelting 
of green pellets in Bureau's experimental blast fur-
nace at Pittsburgh, Pa. Work done in cooperation 
with Applied' Research Laboratory, United States 
Steel Corp. 
RI 5641. Laboratory Treatment of California and 
Nevada Manganese Ores by Sulfation-Reduction 
and Other Methods, by A. I. Engel and H. J. 
Heinen. 1960. 10 pp. Presents results of treating 
low-grade or refractory manganese ores, Using saw-
dust or lignin-sulfonates as reducing agents. Three 
samples of ores from California and one from N e-
vada were treated. 
RI 5642. Oil Recovery and Formation Damage in 
Permafrost, Umiat Field, Alaska, by Oren C. Bap-
tist. 1960. 22 PD. 7 figs. Presents results of 
'studies of the reservoir sand in the Umiat field 
made to determine cause of plugging in the wells 
drilled with rotary, drills in the Umiat field and to 
estimate oil recovery from frozen sand by deple-
tion drive when the oil is gas 'saturated at low 
pressures. 
RI" 5643. Hyatt R~nch Pegmatite, Larimer County, 
, Colo., by 1\1. M. GIlkey. 1960. 18 pp. '5 figs. De-
scribes investigation by Bureau of the Hyatt Ranch 
pegmatite. Work included driving an adit 272 feet 
long, diamond, drilling four holes, totaling ~97.5 
f€'et, and constructing and operating a sorting 
plant to investigate the feasibility of hand concen" 
tration of the beryl and mica. 
RI 5644. Determining Trace. Impurities in Grade:A 
Helium, by' C. G. Kirkland, L. W. Brandt, and W. 
M. Deaton. 1960. 12 pp. 3 figs. Describes ap-
paratus and its operation for determining trace 
impurities in Grade-A heliUm by mass spectrometer 
methods. 
. RI 5645. Explosion of Dephlegmator at Cities Serv-
ice Oil Company Refinery, Ponca City, Okla., 1959, 
by M. G. Zabetakis. 1960. 16 pp. 11 figs. De-
scribes investigation conducted by the Bureau re-
garding the cause of an explosion of a dephlegmator 
or fractionating column. 
RI 5646. Flotation of Pacific Northwest Chromite 
Ores, by G. V. Sullivan and W. A. Stickney. 1960. 
14 pp. Describes an investigation by the Bureau 
of flotation techniques for recovering chromite 
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from fine-grained disseminated ores. Tests were 
made on seven samples of chromite ores. 
RI 5647. Laboratory Beneficiation of East Texas 
Limonite-Siderite Iron Ores,by H. E. Powell and 
W. M. Dressel. 1960. 14 pp. 3 figs. Describes 
a mineral-dressing investigation by Bureau on four 
limonitic and four sideritic iron ores from the 
North Basin. This investigation was conducted 
to devise a mineral-dressing method to increase 
the yield from mined iron ores in eastern Texas 
and to extend such treatment to include the lower 
grade ferruginous materials that are not amenable 
to beneficiation by simple washing, 
RI 5648. Injecting Solid Fuels Into Smelting Zone 
of an Experimental Blast Furnace, by E. J. Os-
trowski, M. B. Royer, and L. J. Ropelewski. 1960. 
14 pp. 4 figs. Describes investigation made to 
determine maximum amount of anthracite fines that 
could be injected into the smelting zone of Bureau's 
experimental blast furnace as a replacement for 
the coke in the stock column and to study effect of 
the 'Solid-fuel injection 'On furnace performance, 
fUrnace 'driving rate, slag volumes, and the chemis-
try of the pig metal. Work done in cooperation 
with United States Steel CorP. 
RI 5649. Evaluating Anchorage Testing Methods 
for Expansion-Type Mine Roof Bolts, by A.. J. Barry 
and J. A. McCormick. 1960. 19 pp. 9 flgs. Covers 
a series of tests to ascertain whether two anchorage 
testing methods used in industry are acceptable for 
determining anchorage characteristics of any ex-
pansion-type bolt and shell assembly. 
RI 5650. Tungsten Deposits of Cochise, Pima, and 
Santa Cruz Counties, Ariz., by V. B. Dale, L. A. 
Stewart, andW. A.McKinney. 1960. 132pp. 
48 figs. One of a series on mineral resources' by 
. the Bureau, report describes most of the tungsten 
deposits in the three, counties. 65 cents~ 
RI 5651. Barite Deposits of Arizona, by L. A. 
Stewart and 'A. J. Pfister. 1960. 89 pp. 23 figs. 
Examines all known deposits (75 in 9 of the 14 
counties). Discusses history, owenrship, produc" 
tion, and geologic setting of most of the deposits; 
briefly considers uses and specifications of product 
grades of barite., 50 cents. 
RI 5652. Refractory-Clay Deposits of Wyoming, by 
Joel N. Van Santo 19tH. 105 pp. 31 figs; Forty-two 
clay samples were collected, and tests showed that 
14 were re:1:ractory to a certain degree. Five clays 
were sub-Iow-duty grade, eight were lOW-duty re-
fractory, and one was high-duty grade. The one 
high-duty grade clay, found near the Utah border, 
might be economically shipped to Utah clay-prod-
ucts plants. 
RI 5653. Preparation Characteristics of Coal From 
Marion Oounty" W. Va., by T. E. Gray"and E. R. 
Palowitch. 1960. 29 pp. 3 figs. Describes wash-
,ability studies to determine whether coals in Marion 
County can be upgraded to metallurgical grade. 
Samples came from Waynesburg, Sewickley, and 
Pittsburgh beds. ' 
RI 5654. Nitric Acid Oxidation Rates for Selected 
.Coals and Related Substances, by .J. B. Gayle and 
A. G. Smelley. 1960. 12 pp.. 9 figs. Presents 
results of coal, cokes carbonized at temperatures 
520 0 to 1,180 C, and synthetic polymers' oxidized 
by the standard method, that is, by boiling in 8-
normal nitric acid. Work done in cooperation with 
University of Alabama. 
RI 5655. The Fischer-Tropsch Synthesis Using Gas 
Recycle Cooling (Simulated Hot-Gas-Recycle Proc-
ess) by D. Bienstock, R.M. Jimeson, J. H. Field, 
and E. Benson. 1960. 25 pp. 16 figs. Describes 
tests using a recycle of cooled and then reheated 
gas with catalyst beds of lathe turnings and par-
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allel-plate assemblies for the Fischer-Tropsch syn-
thesis. 
RI 5656. Characteristics of Cold-Rolled and An-
nealed Titanium, by Jack D. Ramsdell and Ernest 
D. Hull. 1960. 15 pp. 18 figs. Presents results 
of investigation of electrorefined, magnesium-
reduced, and sodium-reduced titanium. These 
titanium samples were evaluated for recrystalliza-
tion behavior, effect of cold rolling on tensile prop-
erties, and bend ductility. 
RI 5657. Rapid Evaluation of Spodumene and Ky-
anite Samples by Heavy Liquid Separation, by 
James S. Browning and John B. Gayle. 1960. 5 
pp. 3 figs. Presents results of investigation con-
ducted to determine the applicability of heavy 
liquid mineral separation to the evaluation of cer-
tain spodumene and kyanite ores, prepared mix-
tures, and plant products. Work done in coopera-
tion with University of Alabama. 
RI 5658. Infrared Spectra of Organic Compounds 
in the Region 15-35 Microns: Thirteen Organic 
Oxygen, Nitrogen, Sulfur, and Silicon Oompounds, 
by C. A. Frenzel, D. W. Scott, and J. P. McCul-
lough. 1960. 17 pp. 13 figs. Presents infrared 
spectra of 13 organic compounds. Work done in 
part in cooperation with American Petroleum Insti-
tute and under contract with Air Force Office of 
Scientific Research. 
RI 5659. Heat of Formation of Yttrium Chloride, 
by R. L. Montgomery and T. D. Hubert. 1960. 10 
pp. Presents measurements of heats of solution of 
yttrium chloride and oxide in hydrochloric acid. 
RI 5660. Removing Hydrogen Sulfide by Hot Potas-
sium Carbonate Absorption, by J. H. Field, G. E. 
Johnson, H. E. Benson, and J. S. Tosh. 1960. 19 
pp'. Presents results of studies by Bureau on a 
pilot-plant scale for removing hydrogen sulfide and 
carbonyl sulfide from gas mixtures by the hot car-
bona te system. 
RI 5661.' Mechanism of Sodium Reduction of Ti-
tanium Chlorides in Fused Salts, by T. A. Henrie 
and D. H. Baker, Jr. 1960. 33 pp. 20 figs. Pre-
sents theoretical and experimental evidence which 
shows that sodium reduction of titanium tetra-
chloride occurs by two reaction' stages; describes 
mechanism of sodium reduction of titanium sub-
chlorides in fused sodium chloride. 
RI 5662. Composition of a Shale-Oil Naphtha, by 
H. H. Heady, L. G. Adams, and G. U. Dinneen. 
1960. 12 pp. Presents results obtained by two 
methods in the determination of the hydrocarbon-
group composition of naphtha. The two methods 
are by summing the results obtained in 105 indi-
vidual fractions and by direct chromatographic 
analysis of the original naphtha. Work done in 
cooperation with University of Wyoming. 
RI 5663. Dual-Inlet System for a Mass Spectrome-
ter, by G. L. Cook, R. A. Meyer, and D. G.' Earn-
shaw. 1960. 8 pp. 3 figs. Describes design of a 
dual-inlet system for a Consolidated model 21-103C 
mass spectrometer. The system permits both high-
mass and low-mass samples to be run by usin!?,' a 
single instrument. Work done in cooperation with 
University of Wyoming. 
RI 5664. Thermodynamics of Some Oxides of Mo-
lyhdenum and Tungsten, by E. G. Kin!?,'. W. W. 
Weller, and A. U. Christensen. 1960. 29 pp. 4 
figs. Presents work on new low-temperature heat 
capacity data of tungsten dioxide and tungsten tri-
oxide and high-temperature heat contents of molyb-
denum dioxide. molybdenum trioxide, tungsten diox-
ide, and tungsten trioxide. Includes heats of fusion 
of the two trioxides. 
RI 5665. Methods for Improving Quality of Tita-
nium Sponge Produced by the Kroll Process, by 
W.-M. Mark, S. Yih, C. L. Lo, and D. H. Baker, Jr. 
1960. 29 pp. 6 figs. Describes investigation con-
ducted to develop methods to improve the quality 
of titanium sponge produced by the Bureau of 
Mines modification of the Kroll magnesium reduc-
tion process. 
RI 5666. Underground Gasification of Coal: Hy-
draulic Fracturing as Method of Preparing a Ooal-
bed, by J. P. Oapp, J. L. Elder, C. D. Pears, R. W. 
Lowe, K. D. Plants, and M. H. Fies 1960. 50 pp. 
23 figs. Describes tests in hydraulic fracturing con-
ducted to determine applicability and effectiveness 
of the technique, extent and horizon of the fracture, 
and phYSical and chemical effect of the fracturing 
fluid. Work done in cooperation with the Alabama 
Power Co., the Pan American Petroleum Oorp., 
and the Halliburton Oil Well Cementing Co. 
RI 5667. Effect of Isomorphic Substitutions on 
Properties of Fluormica Ceramics, by H. R. Shell. 
1960. 40 pp. 3 figs. Tells how numerous substi-
tuted fluormicas were synthesized by the Bureau 
and how the properties of the hot-pressed products 
made therefrom were determined. 
RI 5668. Thermodynamic Properties of the Com-
bustion Products of Graphite and Oxygen in Ideal-
ized Dust Flames, by Robert W. Smith, Jr., Edwin 
B. Oook, and Hans M. Cassel. 1960. 12 pp. Pro-
vides examples, at atmospheric pressure and room 
temperature, of compOSition profiles in an idealized 
oxygen-dust flame, with mass and enthalpy pre-
served. Research sponsored in part by the Office 
of Ordnance Research. 
RI 5669. Particle Statistics of Infinite Populations 
as Applied to Mine Sampling, by R. M. Becker and 
Scott W. Hazen, Jr. 1961. 79 pp. 23 figs. Pre-
sents a study of the application of statistical prac-
tice to mine and mineral sampling. Provides theo-
retical and practical data. 45 cents. 
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RI 5670. Lake Superior Iron Resources ': Prelimi-
nary Sampling and Metallurgical Evaluation of 
Mesabi Range Nonmagnetic Taconites, by R. L. 
Marovelli, D. 'Vil. Frommer, F. W. Wessel, L. F. 
Heising, P. A. Wasson, and R. E. Lubker .. 1961. 
35 pp. 7 figs. Describes part of work of a long-
range program to sample, classify, and evaluate 
important occurrences of nonmagnetic taconite' on 
the Mesabi range. Discusses geology, history, and 
potential of the Mesabi range district and mining 
industry and includes a more detailed presentation 
of the sampling and metallurgical evaluation of 
nonmagnetic taconite deposits. 30 cents. 
RI 5671. Minimum Ignition-Energy Concept .and Its 
Application to Safety Engineering, by E. L. Litch-
field. 1960. 10 pp. 3 figs. Surveys the signifi-
cance of minimum ignition-energy concept and pre-
sents recent data pertaining to the safety problem 
associated with ignition of combustible gases by 
electrical discharges. 
RI 5672. Oeramic Fibers for Filtering Dust From 
Hot Gases, by L. J. Kane, G. E. Chidester, and 
C. C. Shale. 1960. 18 pp. .17 figs. Presents re-
sults of tests made with an aluminum silicate filter 
to develop methods for removing dust from hot 
gases at l,8oo°C. 
RI 5673. Hydrogenating Coal in a Pilot Plant With 
a Molybdenum Catalyst, by 'Henry H. Ginsberg, 
Sam Friedman, Paul S. Lewis, M. D. Schlesinger, 
Arthur J. Stewart, and Raymond W. Hiteshue. 
1960. 35 pp. 20 figs. Presents results of an inves-
tigation conducted to determine the feasibility of 
continuous hydrogenation of coal to hydrocarbon 
fuels at 8,000 psig with 0.01 pct molybdenum 
(as ammonium molybdate) on moisture- and ash-
free coal. 
RI 5674. Producing Heavy Fuel on by Hydrogenat-
ing Bituminous Coal, by Henry. H. Ginsberg, Paul 
S. Lewis, Robert B. Anderson, and Raymond .W. 
Hiteshue. 1960. 57 pp. 82 figs. Presents. results 
of three studies of the process requirements neces-
sary to produce heavy fuel oil by the liquid-phase 
hydrogenation of bituminous coal. 
tRI 5675. Field Test for Cesium and Rubidium, by 
K. ,C. DeaJ;l and I. L. Nic-hols.1960. 9 pp. . De-
scribes a simple and inexpensive field test developed 
by the Bureau of Mines for testing cesium and ru-
bidium in rocks, clays, and mineral waters. In-
cludes a list of selected references. 
RI 5676. Heats of Formation of Cerium Sesqui-
oxide and Bismuth Sesquioxide by Combustion 
Calorimetry, by Alla D. Mah. 1961. 7 pp. Meas-
ures the heats of combustion of cerium sesquioxide 
and bismuth metal. Calculates the free energy of 
formation for bismuth sesquioxide and estimates it 
for cerium sesquioxide. 
RI 5677. Solvent Extraction of Coals by Abietic 
Acid at Atmospheric Pressure, by E. C. Tarpley 
and H. C. Howard. 1960. 8 pp. 1 fig. Presents 
results of work on the solvent extraction of coal 
by abietic acid conducted to recover commercially 
useful products and to characterize coals and ob-
tain information on their structure. 
RI 5678. Structural. Phases in Lime-Soda Sinters 
for Alumina Recovery: A Progress Report, by R. V. 
Lundquist and Lloyd Carpenter. 1960. 12 pp. 
Outlines initial results from an X-ray investigation 
on the lime-soda sinter process. 
RI 5679. Cebolla Creek Titaniferous Iron Depos-
its, Gunnison County, Colo., by Charles K. Rose 
and Spencer S. Shannon, Jr. 1960. 80 pp. 11 figs. 
Presents results of an investigation of the Cebolla 
Creek titaniferous iron deposits by the Bureau. 
Work comprised mineral-dressing stUdies to test 
the feasibility of recovering iron and titanium 
products and diamond. drilling three holes, totaling 
1,868 feet. 
RI 5680. Flammability Limits of Methyl Ethyl Ke-
tone and Methyl Isobutyl Ketone in Bromochloro-
methane-Air Mixtures, by Mi G. Zabetakis, P. M. 
Gussey, and G. S. Scott. 1960. 12 pp. 3 figs. Pre-
sents limits of flammability data for the systems 
methyl ethyl ketone-bromochloromethane and methyl 
isobutyl ketone-bromochloromethane and for two 
complex mixtures in air at ambient temperatures 
and pressures. Work done in cooperation with 
Philadelphia Naval ,S'hipyard, U.S. Department of 
the Navy. 
RI 5681. Combustion of North Dakota Lignite in 
Domestic Heaters, by W. H. Oppelt, W. R. Kube, 
. R. B. Porter, T. W. Kamps, O. C. Ongstad, and E. 
F. Golob. 1960. 52 pp. 21 figs. Investigates com-
bustion of lignite in domestic heating equipment to 
obtain information on equipment performance and 
to evaluate testing procedures. 
RI 5682. Electrorefining Chromium, by F. R. Cat-
toir and D. H. Baker, Jr. 1960. 15 pp. 6 figs. 
Presents results of fused-salt electrorefining of 
chromium; 4- and 12-inch electrorefining cells were 
employed in the tests. 
RI 5688. Reducing the Incendivity of Permissible 
Explosives by Sodium Chloride, by N. E. Hanna. 
G. H. Damon, and R. W. Van Dolah. 1960; 19 pp. 
11 figs. Describes studies ·by Bureau on effect of 
varying proportions of fine and coarse salt to re-
duce the incendivity of permissible explosives to 
fire-damp atmosphere. Work done in cooperation 
with Institute of Makers of Explosives. 
RI 5684. A Method for Evaluating Viscosity Data 
From Lime Soda Sinter Slurries, by R. V. Lund-
t Out of print. 
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quist and E. L. Singleton. 1960. 14 pp. 6 figs. 
Presents method developed by Bureau for evaluat-
ing viSCOSity data from slurries obtained in leach-
ing sinters from the lime soda sinter process for 
extracting alumina from aluminous silicates. 
RI 5685. Acid Curing and Countercurrent Decanta-
tion Washing of an Oxidized Copper Ore From 
Pinal County, Ariz., by W. A. McKinney and Carl 
Rampacek. 1960. 10 pp. 2 figs. Presents results 
of laboratory and continuous pilot plant tests made 
on a sample of oxidized ore with the acid cure 
procedure. . 
RI 5686. Casting. Technology for . Titanium, Zir-
conium, and Hafnium, by S. L. Ausmus, F. W. 
Wood, and R. A. Beall. 1960. 81 pp. 19 figs. In-
dicates improvements in the Skull-casting method 
for casting reactive metals, such as titanium, zir-
conium, and hafnium. 
RI 5687. Volumetric Determination of Uranium in 
the Presence of High Concentrations of Iron, by 
Thomas J. Blalock. 1960. 9 pp. Reveals that the 
use of a double precipitation procedure permits the 
essentially quantitative separation of uranium tet-
rafluoride as low as 0.1 to 0.2 mg O'f uranium per 
100 ml of solution. A ,suitable carrier must be 
present and ammonium Chloride must be added to 
prevent peptization. Work done in cooperation 
with U.S. Atomic Energy Commission. 
RI 5688. Zirconium-Dysprosium Equilibrium Dia-
gram, by J. Croeni, C. E. Armantrout, and H. Kato. 
1960. 12 pp. 8 figs. Covers investigation of the 
zirconium-dysprosium system by melting point, 
thermal analysis, resistivity, X-ray, and metallo-
graphic methods. Project sponsored by Pittsburgh 
Naval Reactor Operations Office of the Atomic 
Energy Commission for the Bureau of Ships, 
U~S. Department of the Navy. 
RI 5689. Applications of Radioisotopes in Metallur-
gical Research, by H. L. Gibbs, C. H. Schack, and 
J. B. Clemmer. 1960. 12 pp. 4 figs. First of a 
series of reports describing application of radio-
isotopes and r:;tdioactivity techniques in extractive 
metallurgy. Includes discussion of Ucellising and 
safety requirements, description of laboratory and 
methods used, definition of nature and scope of the 
research program, and synopsis of the more im-
portant problems. 
RI 5690. Reactions of Iron. and Iron Compounds 
With Hydrogen and Hydrogen Sulfide, by Walter 
Kawa, Raymond W. Hiteshue, Robert B. Anderson, 
and Harold Greenfield. 1960. 16 pp. The reac-
tions of iron and iron compounds described in this 
report were studied to facilitate the qualitative 
prediction of the chemical state of iron catalysts 
during coal hydrogenation experiments in batch 
autoclaves. 
RI 5691. Selectivities of Laboratory Flotation and 
Float-Sink Separati-ons of Coal, by J. B. Gayle and 
A. G. Smedley. 1960. 19 pp. 14 figs. Compares 
selectivities of three diverse flotation reagents and 
also flotation and float-sink methods of separation. 
Seven samples of high- to' medium-volatile coking 
coal are tested. Work done in cooperation with 
University of Alabama. 
RI 5692. Recovering Manganese From Mill Rejects, 
by W. A. Stickney and C. W. Sanders. 1960. 11 pp. 
Describes four mill rejects-three from Montana 
and one from Peru-and results obtained from 
laboratory beneficiation of these samples. The oil~ 
emulsion scheme to recover manganese from certain 
fine-grained, complex mineral sources is determined 
to be technically feasible. 
RI 5693. Fersmite:.A Rare Calcium-Columbate Min-
ernl From Montana, by H. D. Hess. 1960. 9 pp. 
2 figs. Describes second recorded occurrence (first 
in North America) of this rare calcium-columbate 
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mineral. Presents X-ray diffraction data and spe-
cific optical information. 
RI 5694. Shallow Lead Diggings, Grant and Lafay-
ette Counties, Wis., by W. A. Grosh. 1960. 59 pp. 
18 figs. Presents brief history and description of 
the Wisconsin portion of the Upper Mississippi 
,Valley lead-zinc field; considers representative ,de-
posits and digging areas selected for investigation; 
'and concentrates on analysis of samples, by several 
methods. 
RI 5695. International System for Classifying 
Brown Coals and Lignites and Its Application to 
American Coals, by W. H. Ode and F. H. Gibson. 
'1960. 20 pp. 2 figs. Reviews the proposed system 
, of classification, describes its application to Ameri-
can coals, and compares the properties of the lower 
rank coals of various countries by analys~s and 
tests of the exchange samples. 
RI 5696. Evaluating One-Half Million Pounds of 
Zirconium Sponge, by M. D. Carver and H. Kato. 
1960. 14 pp. 5 figs. Describes development of 
quality evaluation procedure for certifying the 
adequacy of production lots of Kroll process zir-
conium sponge produced for reacto,r applications. 
RI 5697. Paper-Coating Clay From Coarse Georgia 
Kaolins by a New Attrition-Grinding Process, by 
I. L. Feld, T. N. McVay, H. L. Gilmore, and B. H. 
Clemmons. 1960. 2.0 pp. 11 figs. D~scribes proc-
ess and equipment for ,grinding coarse kaolins to 
the 2-micron particle-size range. 
RI 5698. Fine-Screening of Coal: Testing of the 
Sieve Bend, by M. R. Geer, A. W. Deurbrouck, and 
H. F. Yancey. 1960. 20 pp. 6 figs. Investigates 
this radically different type of screen used in the 
cleaning of fine coal. Work done in cooperation 
with School of' Mineral Engineering, University of 
Washington. 
RI 5699. The Role of Fluidity in Coal Carboniza-
tion, by G. H. Martindill and M. J. Kovalik. 1960. 
23 pp. 17 figs. Gives results of investigation by 
Bureau of the influence of the maximum fluidity 
attained by the charge on physicai quality of the 
coke or char produced. 
RI 5700. Heats of Formation of Three Sodium 
Vanadates, by Mary F. Koehler. 1960. 10 pp. 
Presents thermodynamic study of three vanadates 
of sodium-metavanadate, pyrovanadate, and ortho-
vanadate. 15 cents. 
RI 5701. Effects of Impurities on Mechanical Prop-
erties of Electrolytic Titanium, by J. D. Ramsdell 
and D. R. Matthews. 1960. 12 pp. 12 figs. De-
scribes effects of oxygen, nitrogen, carbon, and iron 
(in low percentages) on mechanical properties of 
electrolytic titanium. , ' 
RI 5702. Metallic Reduction of Thorium Tetrachlor-
ide, by P. C. Good and F. E. Block. 1960. 12 pp. 
4 figs. Presents a method for preparing thorium 
metal by reduction of thorium tetrachloride; fur-
'nishes data on hardness values of magnesium..; and 
sodium-reduced thorium metal. 
RI 5703. Removing Volatile Metals From Lead and 
Tin by Vacuum Distillation, by H. S. Caldwell, Jr., 
M. J. Spendlove, and H. W. St. Clair. 1960. 12 pp. 
1 fig. Summarizes work on removal of more volatile 
metals, such as, cadmium, zinc, and magnesium, 
from lead and tin. 
RI 5704. Laboratory-Scale Gasification of Coal-
Water Slurries in a Metallic Tube Coil, by J. L. 
Konchesky, R. F. Stewart, and J. J. S. Sebastian. 
1960. 20 pp. 14 figs. Describes steam-coal gasifi-
cation process, including study of' effects ,of tem-
perature, residence time, rank of coal, and steam 
concentration on gasification of coal; presents data 
on operating conditions for g,asifying coal slurries. 
Work done in cooperation with University of West 
Virginia. 
RI "5705~ Extracting Tar Acids With Monoethanola-
mine, by James Stuckey. 1960. 27 pp. 9 figs. pe-
scribes method to extract tar acid from coal tar 
distillates derived from a subbituminous and a 
lignite' coal. Contains basic information on low-
temperature tars and distillates and a bibliography. 
RI 5706., Well Productivity Related to. Drilling 
Muds: Umiat Field, Naval Petroleum Reserve No. 
4, Alaska, by George L. Gates and Hodge Caraway. 
1960. 21 pp. 7 figs. Evaluates effect of Clay-water, 
brine, and oil-base drilling fluids on the productivity 
of test wells drilled on the Umiat anticline; also 
gives data on production and drilling at' Umiat 
field. 
RI 5707. Research on the Hazards Associated With 
the Production and Handling of Liquid Hydrogen, 
by M. G. Zabetakis and D. S. Burgess. 1961. 50 pp. 
40 figs. Describes the hazards of producing and 
storing iiquid hydrogen and safer ways for handling 
this high-energy fuel. Includes what is believed to 
be the first stored quantity-safe distance table. 
RI 5708. DeSign Criteria for Portable Seismographs, 
by Wilbur 1. Duvall. 1961. 6 pp. 2 figs. De-
scribes some of the possible rigid-body motions of 
tripod supported seismographs; presents three basic 
design criteria for constructing a three-point snp-
ported portable instrument. ' 
RI 5709. High-Temperature Heat Content of Ura-
nium Tetrafluoride, by E. G. King and A. U. Christ-
ensen. 1961. 4 pp. 1 fig. Presents measurements 
of the heat content of uranium tetrafluoride con-
ducted from 298° to 1,350° K. Indicates melting 
point and heat of fUsion. 
RI 5710. High-Temperature Heat Content and En-
tropies of Crystalline and Glassy Germanium Diox-
ide, by K. K. Kelley and A. U. Christensen. 1961. 
5 pp. 1 fig. Contains experimentally ,determined 
heat content values for hexagonal crystalline ger-
manium dioxide between 298.15° and 1,350° K and 
for germanium dioxide glass between 298.15° and 
1,800° K. Presents heat content and 'Corresponding 
entropy-increment data in tabular form and by 
equations. Estimates free energy of formation val 
ues for germanium dioxide glass at 298.15° and 
1,800° K. 
RI 5711. Heats and Free Energies of Formation' of. 
Ferrites and Altuninates of Calcium, Magnesium, 
Sodium, and Lithium, by M. F. Koehler, R. Barany, 
and K. K. Kelley. 1961. 14 pp. Contains results 
of new experimental work for obtaining heats of 
formation of five ferrites and one aluminate and a 
review and revision of previous similar work of the 
Bureau on five aluminates. 
RI 5712. Titanium-Bearing Deposits in South Texas, 
by A. D. Hahn, W. C. Miller, and M. M. Fine. 1961. 
84 pp. 22 figs. Summarizes studies and tests tl) 
determine methods of recovering ilmenite and other 
heavy minerals. Includes bibliography~ 
RI 5713. Effects of Hydraulic Fracturing in Okla-
homa Watertlood Wells, by John P. Powell and 
Kenneth H. Johnston. 1961.21 pp. 12 figs. Pres-
ents results of a comprehensive study of the effects 
of hydraulically fracturing watertlood wells in, Okla-
homa. Analyzes some of the factors governing 
results of fracture treatment on waterflood prop-
erties. 
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RI 5714. Reconnaissance of Titanium Resonrces, 
Kemper County, Miss., by A. D. Hahn. 1961. 16 
pp. 3 figs. Considers the ilmenite, rutile, and as-
socia.ted heavy-mineral content of blaclr-sand-bearing 
Eocene deltaic formations. As more than 60 per-
cent of the titanium dioxide in the samples tested 
occnrs in particles too small to be separated by 
gravity-concentration methods. the formations are 
not classified as potential titanium resources. 
RI 5715. Low-Temperatnre Heat Capacities and En-
tropies at 298.15° K. of Three Sodium. Vanadates, 
by E. G. King and W. W. Weller. 1961. 5 pp. 1 
fig. First of a series on entropies of vanadates, 
tungstates, and molybdates. Presents low-tempera-
ture heat capacity data and entropy values. 
RI 5716. Thermodynamic Properties of Aluminum 
Nitride, by AlIa D. Mah, E. G. King, W. W. Weller, 
and A. U. Christensen. 1961. 8 pp. 2 figs. Pro-
vides thermodynamic data pertinent to· the calcula-
tions regarding thermal stability and reactivity of 
aluminum. nitride. 
RI 5717. Susceptibility of Organic Compounds to 
Tritium Exchange Labeling by Marvin L. Whisman, 
F. G. Schwartz, and B. H. Eccleston. 1961. 18 pp., 
6 figs. Describes preparation of tritium-labeled or-
ganic compounds to be used by the Bureau in study-
ing the role of certain gasoline constituents in gas-
forming mechanisms. 
tRI 5718. Three Chemosynthetic Autotrophic Bac-
teria Important to Leaching Operations at Arizona 
Copper Mines, by John D. Corrick and Joseph A. 
Sutton. 1961. 8 pp. Covers studies on isolating 
and identifying chemosynthetic iron- and sulfur-
oxidizing autotrophic bacteria in water samples 
from five mines. 
tRI 5719. Development and Operations of a Pilot 
Plant for Feeding Bituminous Coal Slurry to a 
Pressure Gasifier, by W. R. Huff and L. F. Wilmott. 
1961. 36 pp. 19 figs. Study. concerns bituminous 
coal-in-water suspensions as a source of preheated 
coal and superheated steam in pressure gasification 
of coal with oxygen. 
RI 5720. Spectrophotometric Determination of Trace 
Amounts of Copper in Tungsten Metal Powder, by 
A. S. Prokopovitsh and T. E. Green. 1961.7 pp~ 
1 fig. Describes a spectrophotometric method using 
the principle of solvent extraction. Includes bibli-
ography. 
RI 5721. Preparation Characteristics of Coal From 
Preston County, W. Va., by T. E. Gray and E. R. 
Palowi tch. 1961. 37 pp. 3 figs. One of a series 
discussing suitability of various coals for producing 
metallurgical coke, either as mined or after benefi-
cation. Describes preparation characteristics of sig-
nificant coalbeds in Preston County. 
RI 5722. Metallothermic Reduction of Vanadium. 
Chlorides, by F. E. Block, R. R. Brown, and M. J. 
Ferrante. 1961. 17 pp. 8 figs. Describes process 
for preparing metallic vanadium of uniformly high 
purity by methods adaptable to large-scale plant 
operation. 
RI 5723. Characteristics of Petroleum. From the 
Powder River Basin, Wyo., by W. J. Wenger and 
B. W. Reid. 1961. 123 pp. 3 figs. Presents analy-
ses of 108 crude oils. Indicates best refining uses 
for the oils and predicts characteristics of oils that 
may be discovered in the Basin. Work done in co-
operation with University of Wyoming. 
RI 5724. Smelting Taconite· in the Bureau of Mines 
Experimental Blast Furnace; by' Miles B. Royer, 
Norwood B. Melcher, and W. O. Philbrook. 1961. 
15 pp. 2 figs. Crude Minnesota taconite was 
charged in BrJ,reau's experimental blast furnace so 
that smelting characteristics of such highly siliceous 
raw materials could be studied and smelting costs 
could be compared with those of a standard Mesabi 
ore. 
RI .5725. Ultimate Composition of Organic Material 
in Green River Oil Shale, by John Ward Smith. 
1961. 16 pp. 1 fig .. Describes and evaluates method 
used to determine ultimate composition of organic 
material in 10 samples of oil shale from the Ma-
hogany zone of the Green River Formation in Colo-
. raoo and Utah. 
f Out of print. 
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RI 5726. Laboratory-Scale Casting Furnace for 
High-Melting-Point Metals, by P. G. Clites and E. 
D. Calvert. 1961. 13 pp. 7 figs. Describes labora-
tory furnace developed for a study of interrelation-
ships among variables associated with skull melting 
and casting high-temperature metals. Many casting 
characteristics of metals and alloys can be deter-
mined on equipment of this size. 
RI 5727. Rapid Determination of Aluminum, Iron, 
Copper, Cadmium, and Lead in Zinc-Base Alloys, by 
R. J. Gajan and D. M. Geehan. 1961. 10 pp. 5 figs. 
Describes a fast method for :determining aluminum, 
iron, copper, cadmium,and lead in zinc-base alloys. 
The new method is intended for use by trained 
technicians in laboratories with inexpensive equip-
ment. 
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RI 5728. Beneficiating Manganese Oxide Ores From 
. the Butte-Phillipsburgh Federal Stockpile, by' G. V. 
Sullivan, W. A. Stickney, and R. d. Bush. 1961. 19 
pp. 9 figs. Summarizes Bureau metallurgical in-
vestigations of manganese oxide ore averaging 23 to 
25 percent manganese. 
RI 5729. Beneficiating Spodumene From Pegmatites 
of Gaston County, N.C., by James Browning and 
Thomas L. McVay. ·1961. 12 pp. 4 figs. Describes 
a dependable method for recovering spodumene and 
mica from certain pegmatites that represent a ma-
jor part of the nation's lithium reserves. Work 
done in cooperation with Lincoln-National Concen-
trates Corp. and University of Alabama. 
RI 5730. Removing Acid Gas by Agitated Absorp-
tion, by A. S. Moore and ·C. C. Shale. 1961. 26 pp. 
8 figs. Discusses process developed by Bureau for 
producing synthesis gas directly from coal. 
RI 5731. Carbonizing Properties of Wyoming CoalS, 
by W. S. Landers, V. F. Parry, Manuel Gomez, E. 
O. Wagner, J. B. Goodman, and C. R. Nelson. 1961. 
74 pp. 17 figs. Describes Bureau study of techni-
cal factors related to producing special carbon and 
tar from ,selected Wyoming coals. W'ork done in co-
operation with Columbia-Geneva Division of United 
States Steel Corp., Kemmerer Coal Co., and State 
of Wyoming Natural Resource Board. 
RI 5732. Performance of Dense-Medium Cyclone in 
Cleaning Fine Coal, by M. R. Geer. lY.{ichael Sokaski, 
p, Stanley Jacobsen, and H. F. Yimcey. 1961.' 22 
pp. 3 figs. Describes a cyclone able to provide 
relatively high recovery efficiencies in making sep-
arations that would be impossible with other fine-
coal cleaning devices. Work done in cooperation 
with the UniverSity of Washington. 
tHI 5733. Radioactive Inert Gases as Tracers for 
Petroleum Reservoir Studies, by F. E. Armstrong, 
W. D. Howell, and J. Wade Watkins. 1961. 15 pp. 
8 figs. Covers development and application by the 
Bureau of techniques and instruments for using 
these tracers to determine flow paths through 
petroleum reservoir. Includes bibliography. Work 
done in cooperation with Southland Royalty Co. 
RI 5734. Production of Bimetal-Reduced Hafnium, 
by Dale W. Richardson. 1961. 21 pp. 10 figs. De-
scribes method employed by Bureau for producing 
high-purity sponge by using sodium magnesium for 
bimetal reduction of "anhydrous hafnium tetrachlo-
ride. Work done in cooperation with Bureau of 
Ships, U.S. Department of the Navy. 
RI 5735. Process Development in Removing Sulfur 
Dioxide From Hot Flue Gases (in Four Parts). 1. 
Bench-Scale Experimentation, by D. Bienstock, J. 
H. Field, and J. G. Myers. 1961. 29 pp. 16 figs. 
Discusses bench-scale experiments in which sulfur 
dioxide in O.3'-percent concentration was remo·ved 
completely from simulated flue gas without cooling 
the gas with solids at flue gas temperatures. Part 
2, RI 6307, publi:s'hed in 1963, describes 'thedesign 
Reports of Investigations 
and operation of a laboratory-scale, pulverized-coal-
fired furnace. 
RI 5736. Chemical AnalYsis and Electrical Resis-
tivity of Selected California Oilfield Waters, by 
David M. Gullikson, W. Hodge Caraway, and 
George L. Gates. 1961. 21 pp. 1 fig. Contains 
:first published analyses of California oilfield waters 
in which determinations for potassium, strontium, 
bromide, iodide, boron, and naphthenates were 
made. Thirty-eight samples from oil- and gas-
producing formations in 12 fields in Ventura, Kern, 
Glenn, and Colusa Counties were analyzed by the 
Bureau to supply needed information on the com-
position of waters in areas of current drilling ac-
tivity. 
RI 5737. Applying Modern Instrumental Tech-
niques to Oilfield Water Analysis, by David M. 
Gullikson, W. Hodge Caraway, and George L. Gates. 
1961. 45 pp. 15 figs. Summarizes fundamentals 
of flame photometry and describes spectrophoto-
metric, potentiometric, and colorimetric analytical 
techniques that were applied. Includes bibliog-
raphy. . 
tRI 5738. High-Temperature Furnaces for X-ray 
Diffractometers, by William J. Campbell, Stephan 
Stecura, and Clark Grain. 1961. 30 .PP. 16 figs. 
Summarizes development in the . field of high-
temperature X-ray diffractometers through 1959, 
evaluates various furnace designs, and describes 
Bureau's X-ray diffraction facilities. 
RI 5739. Fluorescent X-Ray Spectrograph for Dy-
namic Selective Oxidation Rate Studies: DeSign 
and Principles, by William J. Campbell and Melvin 
Leon. 1961. 21pp. 12 figs. Discusses design and 
operation of the high-temperature X-ray spectro-
graph, basic principles of the proposed X-ray meth-
. ods, and results orf preliminary studies. 
RI 5740. Recovering Cobalt and Nickel From Com-
plex Sulfide Ores of Southeastern Missouri, by K. 
K. Kershner and F. W. Hoertel. 1961. 16 pp. 4 
figs. Includes information on salt roasting fol-
lowed by. steam treatment and leaching. 
RI 5741. Using a Centrifuge for Float-and-Sink 
Testing Fine Coal, by E. R. Palowitch and T. M. 
Nasiatka. 1961. 14 pp. 2 figs. Describes test 
procedure developed by Bureau to reduce time for 
gravimetric separation of coals finer than 14-mesh 
from 24 hours to less than 1 hour. 
RI 5742. Extracting Neutral Low-Temperature Lig-
nite . Tar Fractions With Dipropionitrile Solvents, 
by Paul L. Campbell and James M. Stuckey. 1961. 
36 pp. 9 figs. Describes Bureau method of up-
grading low-temperature tar. Includes bibliogra-
phy. 
RI 5743. Determining Phosphorus in Coal and Coke: 
Evaluation of Volumetric, Colorimetric, and Gravi-
metric Methods, by F. H. Gibson and W. H. Ode. 
1961. 21 pp. Presents results of phosphorus deter-
minations in 14 ash samples .. Indicates that the 
ASTM and British volumetric methods are equally 
suitable. 
RI 5744. Oarbonizing Tests With Tuscaloosa Oven: 
Factors Influencing Apparent Specific Gravity, by 
J. B. Gayle and W. H. Eddy. 1961. 18 pp. 4 figs. 
Study of various factors considered as possible con-
tributors to apparent specific gravities of experi-
mental and commercial cokes. Work done in co-
operation with University of Alabama. 
HI 5745. Downward-Flowing Granular Solids as 
Pressure Seals in Vertical Standpipes, by J. J. 
Demeter and W. P. Haynes. 1961. 30 pp. 17 figs. 
A study of behavior of standpipe pressure seals 
using finely divided iron oxide. 
t Out of print. 
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RI 5746. Determining the In-Place Support of Mine 
Roof With Rock Bolts, White Pine Copper Mine, 
Michigan, by Robert H. Merrill, Thomas A. Morgan, 
and C. J. Stehlik. 1961. 28 pp. 17 figs. Discusses 
method used in upper shale beds of Nonesuch for-
mation. 
RI 5747. Extraction of Zirconium From Nigerian 
High-Hafnium Ooncentrate, by S. L. May, A. W. 
Henderson, and J. L. Tews. 1961. 28 pp. 4 figs. 
Indicates that hafnium and zirconium compounds 
of acceptable purity can be extracted from Nigerian 
zircon concentrates. Work done in cooperation 
with U.S. Atomic Energy Commission. 
RI 5748. Oaustic Sulfide Leaching of Mercury 
Products; by J.W. Town, R. F. Link, and W. A. 
Stickney. 1961. 39 pp. 6 figs. Summarizes lab-
oratory investigations to obtain hydrometallurgical 
information on dissolution of mercury sulfides from 
ores, flotation concentrates, and pure mercuric 
sulfides. 
RI 5749. Discharge Behavior in Vacuum Arc. Melt-
ing, by F. W. Wood and R. R. Lowery. 1961. 32 pp. 
18 figs. Investigation of anomalies in electrical-
discharge behavior during consumable-electrode arc 
melting of titanium and the effects of these irregu-
larities on arc-furnace explosions. Includes ex-
perimental survey of arc behavior .and a qualitative 
definition of discharge behavior. Work done in 
cooperation with Titanium-Zirconium Melting Safe-
ty Oommittee. 
RI 5750. Beneficiating North Oarolina Spodumene-
Beryl Ores, by J. S. Browning, B. H. Clemmons, 
and T. II. McVay. 1961. 20 pp. 2 figs. Describes 
new and improved method for separating and re-
covering spodumene, mica, and beryl from Kings 
Mountain area ores. 
RI 5751. Experimental Treatment of Nevada and 
California Fluorspar Ores, by A. L. Engel and 
H. J. Heinen. 1961. 11 pp. Oovers experiments 
by Bureau of Mines on low- and medium-grade 
fluorspar ores to aid in developing domestic re-
sources. Includes list of references. 
RI 5752. Relative Wetting Tendencies of Orude 
Oils by Capillarimetric Method, by R. T. Johan-
sen and H. N. Dunning. 1961. 11 pp. 3 figs. In-
dicates that wetting tendencies of crude oils differ 
widely and may be a major factor in determining 
wettability of reservoir surfaces. Work done in 
cooperations with State of Okahoma. 
RI 5753. Explosibility of Agricultural Dusts, by 
Murray Jacobson, John Nagy, Austin R. Cooper, 
and Frank J. Ball. 1961. 23 pp. 2 figs. Presents 
Idata on dust-explosion hazard in air for 220 sam-
ples of agricultural products. (See also RI 5971, 
6516. and 6597.) 
RI 5754. Removing Quartz and Other Impurities 
From Refractory Clays by Mineral Dressing 
Methods, by W. A. Calhoun and H. E. Powell. 1961. 
22 pp. 2 figs. Describes investigation to develop 
economical mineral-dressing processes for removing 
objectionable quantities of impurities, such· as 
quartz and pyrite, from refractory clay deposits in 
east-central Missouri. 
RI 5755. Solution-Flame Photometric Determina-
tion of Lithium in Lithium Minerals. by V. M. 
Benson, J. I..I. Kassner, E. E. Creitz, and H. A. Ice. 
1961. 10 pp. 3 figs. Describes simple, routine 
. method for determining lithium in lithium-bearing 
rock. Work done in cooperation with University 
. of Alabama and UniverSity of Alabama Research 
Council. 
RI 5756. Recovering Tin From Hardhead by Se-
lective Oxidation of Iron, by D. A. Wilson and P. 
M. Sullivan. 1961. 17 pp. 8 figs. To permit 
recovery of tin from hardhead, several systems for 
selectively oxidizing the iron were investigated. A 
method was developed and successfully tested O'n 
melts of 2,000 grams. 
RI 5757. Thermal Expansion of Alpha Alumina, by 
William J. Campbell and Clark Grain. 1961. 16 
pp., 6 figs. Indicates accurate thermal expansion 
coefficients for alpha alumina and critically evalu-
ates these coefficients with other published values. 
RI 5758. Electrorefining Zirconium, by D. H. Baker, 
Jr., J. R. Nettle, and H. Knudsen. 1961. 12 pp. 
4 figs. Presents investigations conducted to deter-
mine feasibility 'of molten-salt electrorefining oif 
zirconium scrap, O'ffgrade sponge, and allO'ys. Stue 
dies resulted from a contract between U.S. Atomic 
Energy CommissiO'n and Bureau O'f Mines. 
RI 5759. ProductiO'n O'f ZircO'nium by the SemicO'n-
tinuous Reactor Process, by James E. Mauser, 1961. 
17 pp. 6 figs. Presents methO'd to' develO'P an in-
expensive and cO'ntinuO'us prO'cess fO'r producing 
pure zirconium. Includes 'bibliO'graphy. WO'rk 
done in cO'O'peratiO'n with U.S. AtO'mic Energy CO'm-
mission. 
RI 5760. Statistical Analysis O'f Gallery Variables 
Affecting the Probability O'f IgnitiO'n by Explosives, 
by R. L. Grant and R. W. Van Dolah. 1961. 27 
pp. 8 figs. Discusses data developed in testing 102 
explosives for permissibility. ' 
RI 5761. Thermal BehaviO'r of Manganese Minerals 
in Controlled Atmospheres, by W. M. Dressel and 
H. Kenworthy. 1961. 35 pp. 16 figs. Presents, 
for the first time, results O'f differential thermal 
analysis of manganese minerals in reducing atmO's-
pheres as well as in neutral and oxidizing at-
mospheres. Provides differential thermal analysis 
data as an aid in controlling thermal treatments in 
extracting manganese from ores. 
RI 5762. Effect of Particle Size Upon the Crushing 
Strength O'f Iron Oxide Pellets, by R. P. Jewett, C. 
E. WOQd, and J. P. Hansen. 1961. 15 pp. 9 fig!;!. 
CQrrelates crushing strength O'f green pellets pre-
pared frQm magnetite and specular and earthy 
hematite with particle size of these respective raw 
materials. Work dQne in cQQperation with Michi-
gan CQllege Qf Mining and TechnQIQgy. 
RI 5763. ChlQrination O'f an Idaho Ilmenite, by E. 
C. Perkins, H. DQlezal, and R. S. Lang. 1961. 16 
pp. 4 figs. CQvers research aimed at using ilmen-
ite frQm dQmestic depQsits fQr prO'ducing titanium 
tetrachlQride. 
RI 5764. Gas-Fired Vacuum Retort fQr Distilling 
Metals, by H. S. Caldwell, Jr.; H. W. St. Clair, J. 
H. Bilbrey, Jr., and M. J. SpendlO've. 1961. 11 pp. 
6 figs. Describes investigation undertaken to' de-
velop and test a retQrt for labQratQry use embO'dy-
ing many features required for practical CQm-
mercial-scale vacuum distillatiQn. 
RI 5765. Selective FIQtatiQn Qf Fine-Grained Lead-
Zinc Sulfides FrQm IdahO' and WashingtQn, by A. E. 
J. Gallagher, W. A. Stickney, J. E. Shelton, and 
F. W. Wessel. 1961. 20 pp. 3 figs. Studies Qf six 
depQsits indicate that flotatiQn can be effectively 
applied to' selective recovery of very fine lead and 
zinc sulfide minerals. 
RI 5766. Significance Qf Experimental _ OperatiQns 
to Industrial Blast-Furnace Practice, by Miles B. 
Royer and Warren M. Mahan. 1961. 8 pp. 1 fig. 
Indicates that the experimental blast furnace is a 
practical tOQI for obtaining preliminary infQrmatiQn 
on raw materials Qf unknQwn smelting character-
istics under Qperating conditiQns that might deviate 
considerably frQm normal industrial practice. WQrk 
done in cQQperatiQn with Raw Materials Engineer-
ing DivisiQn, Applied Research Laboratory, United 
States Steel Corp. 
RI 5767. Flotation of Beryl From Northeastern Peg-
matites: A Progress Report, by John E. Shelton. 
783-957-'65--3 
Reports of Investigations 
1961. 10 pp. Part Qf Bureau's. cQntinuing effQrt 
to develop an economical recovery process for beryl 
Qres, report describes flQtatiQn research Qn samples 
of beryl-bearing pegmatites from a mine in Con-
necticut and Qne in New Hampshire. 
RI 5768. Gas-Liquid Chromatography of Basic Ni-
trogen CompQunds, by A. W. Decora and G. U. 
Dineen. 1961. 23 pp. 11 figs. Discusses Bureau's 
investigation Qf adapting gas-liquid chromatQgraphy 
to analyzing tar bases. Includes list of references. 
Work done in cooperation with' University O'f 
Wyoming. 
RI 5769. Physical and Mechanical PrQperties O'f 
Electrorefined Vanadium, by J. D. Ramsdell, W. L. 
O'Brien, J. .S. Winston, and D. R. SC'huyler II. 
1961. 21 pp. 17 figs. Evaluates wQrkability and 
recrystalizatiO'n characteristics of high-purity elec-
trorefined vanadium. Includes list Qf references. 
RI 5770. Preparing Zirconium Diboride Directly 
FrQm Zircon, by Perry G. Cotter. 1961. 9 pp. 2 
figs. Describes method O'f synthesis and SQme Qf the 
results Qf that synthesis. 
RI 5771. LabO'ratory CQncentratiO'n O'f· Seven Tita, 
nium-Bearing Ores Qf the Pacific NQrthwest,by J. 
W. Town and C. W. Sanders. 1961. 12 pp. 1 fig. 
Recoveries from tabling placer samples were abQut 
50 percent at grades of 30 percent titanium diQxide. 
Flotation was the most effective -methO'd fO'r con-
centrating the fine ilmenite in clay' samples; re-
coveries of approximately 50 percent at 35-percent 
grades were O'btained. Magnetic and electrostatic 
separatiO'n methods were used on the cO'arse-grained 
sand samples to improve concentrate grade. 
RI 5772. Physical and Mechanical PrQperties O'f 
SQdium-Reduced and Electrorefined Titanium, by 
C. N. Adams and E. D. HUll. -1961. 12 pp. 13 figs. 
Indicates that the metal can becQld-worked easily 
and that work hardening is not . excessive. The 
effects of CQld work can be removed by annealing 
at 7000 C for 30 minutes. 
RI 5773. Refining Crude Aluminum by the Sub-
halide Reaction, by Leland A. Yerkes and Oliver C. 
Fursman. 1961. 19 pp. 7 figs. Discusses method 
Qf producing alumirium by means other than elec-
trolysis of its oxide. 
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RI 5774. A Boron-Base Refractory, by Perry G. 
Cotter. 1961. 7 pp. Describes study conducted to 
synthesize and investigate properties of a high-
temperature refractory material combining boron, 
silica, and magnesium. 
RI 5775. Electric Smelting of Montana Chromite 
Concentrates, by W.L. Hunter and LIQyd H.Ban-
ning. 1961. 30 pp. 3 figs. Study centered Qn 
feasibility of producing ferro chromium of varying 
silicon and carbon contents from Mouat chromite. 
RI 5776. Electric. Smelting Titaniferous Magnetite 
Ore, Iron Mountain, Wyo., by H. -C. Fuller and V. 
E. Edlund. 1961. 11 p. 1 fig. -Describes tests on 
feasibility of smelting titaniferous iron ore contain-
ing about 20 percent titanium dioxide (Ti02). 
RI 5777. Recovering Aluminum and Fluorine Com-
pounds From Aluminum Plant Residues, by.: _ R. S. 
McClain, G. V. Sullivan, and W. A. Stickney. 1961 
16 pp. Residues from aluminum plants . were 
studied to determine if carbon could be removed by 
flotation while fluorine and aluminum compounds 
were recovered for recycling to the reduction 
process. Samples representing three types of plant 
waste -products were studied. 
RI 5778. Vacuum Melting of Low-Alloy Steel, by 
Beverly W. Dunning, Jr. 1961. 14 pp. 6 figs. 
Tells of effect of vacuum melting to eliminate gases 
and nonmetallic inclusions in six low-alloy steels. 
Analyzes and compares differences in gas content 
Reports of Investigations 
and inclusions in air-melted and vacuum-melted 
steel. 
RI 5779. Beneficiation of Red Iron Ore Fines From 
Pyne Mine, Bessemer, Ala., ,by W. E. Lamont, I. L. 
Feld, and B. H. Clemmons. 1961. 16 pp. 1 fig. 
Discusses Bureau's method of beneficiating the 
minus lA,-inch fraction of mine-run ore. Work done 
in cooperation with University of Alabama and 
Woodward Iron Co. 
RI "5780. Correlation of Fischer-Schrader Assay and 
BM-AGA Carbonization Yields, by J. G. Walters. 
1961. 38 pp. 1 fig. Presents data on standard test 
for evaluating carbonizing properties of coal. In-
cludes bibliography. 
RI 5781. Using Molten Zinc to Extract Aluminum 
From Aluminum-Silicon Alloys: A Progress Report, 
by H. S. Caldwell, Jr., and M. J. Spendlove. 1961. 
15 pp. "6 figs. Describes how molten zinc was used 
to leach aluminum from an aluminum-silicon alloy 
made 'by carbothermic reduction of siliceous alumi-
num ores. 
RI 5782. Oxidation of Anthracite With Concen-
trated Nitric Acid, by M. A. Hammer, G. A. Brady, 
and J. W. Eckerd. 1961. 19 pp. 13 figs. Covers 
Bureau's investigation for determining chemical 
structure of anthracite. Includes list of references. 
RI "5783. Radiochemical Precipitation Studies of 
Rare-Earth Oxalates, by Kenneth G. Broadhead and 
Howard H. Heady. 1961. 8 pp~ SUminarizes study 
to determine what effect could ,be attributed to the 
several " variables-temperature; digestion time ; 
acid, rare-earth, and oxalic acid concentrations; 
stirring; and" rare-earth ions. Includes list of 
references. 
RI 5784. Stress-Corrosion Cracking Susceptibility of 
Zirconium in Ferric" Chloride Solution, by J. T. 
Dunham and H. Kato. 1961. 29 pp." 20 figs. 
Discusses results of particular environments where 
zirconium has poor corrosion resistance. Includes 
bibliography. Work done in cooperation with 
Oregon State College. ' 
RI 5785. Performance of Partly Depleted Oil Res-
ervoirs During Complete Gas Repressuring and Gas 
Cycling, by Alton B; Cook, R. H. Coulter, Jr., G. B. 
Spencer, and F. Sam Johnson. 1961. 24 pp. 6 figs. 
Presents laboratory and field data to explain reser-
voir performance during" complete gas repressuring. 
Concludes that the conversion of partly depleted oil 
reservoirs for gas storage may be more practical 
in many areas than using partly depleted" gas 
reservoirs. " , 
RI 5786. Experimental Extraction of Strategic Com-
ponents From S-816 Alloy Scrap, by H. Kenworthy, 
V. A. Nieberlein, and A. G. Starliper. 1961. 27 pp. 
8 figs. Describes study" undertaken to develop 
methods for recovering 'simple master alloys or 
single metal components from discarded and scrap-
ped S-816 alloy. 
RI 5787. Computed Compositions and The1"D1o'dy-
namic Properties of Deuterium-Air Flames, by 
Erwin B. Cook and Robert W. Smith, Jr. 1961. 
22 pp. Presents results of stlldy of flame and com-
bustion. Contains tables giving thermodynamic 
properties of air flames. 
RI "5788. Oil-Well Logging With Model Equip-
ment : Tests on N oninvaded Thin Beds With 
Shielded Electrodes, by C. I. Pierce, R. B. Lowe, 
and J. Pasini III. 1961. 19 pp. 11 figs. Indicates 
response of shielded electrodes of different dimen-
sions in thin, noninvaded beds. Recommends use of 
focused-type logging devices in certain Appalachian 
oilfields. 
RI 5789. High-Temperature Heat Contents and En-
tropies of Cerium Dioxide and Columbium Dioxide, 
by E. G. King and A. U. Christensen. 1961. 6 pp. 
1 fig. Gives data on two metallic elements in tem-
perature range from 2980 to 1,8000 K. Work done 
in cooperation with Office of Naval Research, U.S. 
Department of the Navy. 
tRI 5790. Experimental Extraction of Gold and 
Silver From California and Nevada Ores, by A. L. 
Engel and H; J. Heinen. 1961. 30 pp. Describes 
results of laboratory-scale experimental treatment 
of mine ores containing gold and silver. 
RI 5791. Low-Temperature Heat Capacities and En-
tropies at 298.15 0 K. of Monotungstates of Sodium, 
Magnesium, and Calcium, by E. G. King and W. W. 
Weller. 1961. 6 pp. 1 fig. Heat capacity measure-
ments were conducted between 510 and 2980 • The 
entropies at 2980 K were evaluated and ,then c,om-
bined with entropy data for the elements and oxides 
to obtain entropies of formation. This information 
is needed for thermodYI1amic appraisals of chemical 
reactions of these substances. No similar data for 
any tungstate have yet" been published. 
tRI 5792. Analyses of Tipple and Delivered Sam-
ples of Coal (Collected During the Fiscal Year 
1960), by S~ J. Aresco, C. P. Haller, and R. F. 
Abenethy. 1961. 44 pp. " One of a series on coal 
analyses. Furnishes data on composition and qual-
ity of hundreds of samples of coal from 21 States. 
tRI 5793. Flotation Studies on Copper-Nickel SuI· 
fide Ores From DepOSits Near Rockport, Maine, by 
J ohn E~ Shelton. 1961. 17 pp. 1 fig. Describes 
tests on two ore samples from the Harriman area. 
Work done in cooperation with Roland F. Beers, 
Inc. 
RI 5794.: Cleaning Trials on Sub bituminous Coal 
Containing Bentonitic Clay From Lewis and Thur-
ston Counties, Wash., by H. F. Yancey and M. R. 
Geer. 1961. 21 pp. 2 figs. As the number of 
Pacific Northwest hydroelectric sites capable of 
providing low-cost power continues to decline, power 
'companies and public utilities have expressed in-
creasing interest in establishing reserves of coal. 
This report on subbi tuminous "coal from Lewis· and 
Thurston Counties" Covers sampling," float-and-sink 
tests, cleaning trials with jig and with dense-
medium pilot plant, and chemica.'!" analyses! and 
grindability determinations. Work' done in co~ 
operation with University 'of Washington. 
tRI 5795. Electrowimiing'Molybdenum: Prelimi-
nary Studies, by H. J. Heinen and J. B. Zadra. 
1961. 8 pp. 3 figs. Summarizes practical method 
of electro winning molybdenu~:l1'directlyfrom pure or 
impure molybdenum trioxide. 
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RI 5796.' Titanium-Gadoliniunl Phase Diagram, by 
J. "G. Croeni, S. C." Rhoads, C. E. Armantrout, and 
"H. Kato." "1961. 14 pp. 12 figs. Discusses fea-
sibility of alloying titanium with rare-eartll metals. 
Includes bibliography. "" 
RI 5797. Comparative Studies of Explosives in 
. Marble, by Thomas C. Atchison and Julius'Roth. 
1961. "20 pp. 7 figs. Six explosives were tested 
for their strain-producing abilities .ina dolomitic 
marble. Tests indicated that the performance of 
one explosive could be predicted' from the known 
performance of another explosive. either in the 
marble or in any rock type for which the character-
istic impedance is known. " 
RI 5798. Effects of Polar Components of a Petro-
leum Distillate Fuel on Storage Stability, by J. W. 
Davis, F. G. Schwartz, and C. C. Ward. 1961. 11 
pp. 3 figs. Discusses a chromatographic method 
developed to separate those compounds that have 
strong polar characteristics from a catalytically 
cracked distillate. Presents data on the effect of 
these materials upon the stability of the stored fuel. 
tOut of print. 
Work done in cooperation with Bureau of Ships, 
U.S. Department of the Navy. 
RI 5799. Some Thermodynamic Values for Four 
Titanium Halides, by E. G.' King, W. W. Weller, A. 
U. Ohristensen, and K. K. Kelley. 1961., 20 pp. 
4 figs. Oontains results of low-temperature heat-
capacity measurements and high-temperature heat-
content measurements of four halides-trichloride, 
tribromide, tetrabromide, and tetraiodide. Work 
done in cooperation with Office of Naval Research, 
U.S. Department of the Navy. 
RI 5800.' Subsurface Saline Water Sources for 
Waterflooding in North Texas, by Frank Parrish, 
Jr., and Thomas M. Garland. 1961. 59 pp. 52 figs. 
Outlines the occurrence, quantity, and quality of 
water available for flooding in North Texas, dis-
cusses aquifers containing large quantities of saline 
water, and describes areas where considerable water 
is available trom alluvial deposits, streams, lakes, 
and irrigation canals. Work done in cooperation 
with -North Texas Oil and Gas Association. 
RI 5801. Reproducibility of Tritium Analysis of 
Organic Oompounds Using A Liquid Scintillation 
Spectrometer, by Marvin L. Whisman, Barton h. 
Eccleston, and F. E. Armstrong. 1961. 14 pp. 4 
figs. Presents data on Bureau's study and evaluates 
some variables in liquid scintillation counting. In-
cludes bibliography. Work done in cooperation with 
U.S. Department of the Army; 
RI 5802. Flotation of Un oxidized Manganiforons 
Material From the Ouyuna Range, Minn., by F. W. 
Wessel, P. A. Wasson, and D. W. Frommer. 1961. 
14 pp. 4 figs. Describes laboratory research on 
froth flotation for beneficiating manganiferous-
ferruginous carbonate slates. Includes bibliography. 
RI 5803. Performance of a Gas-Synthesis Demon-
stration Plant for Producing Liquid Fuels From' 
Ooal, by R. G. Dressler and L. L. Hirst. 1961. 25 
pp. 9 figs. Describes a demonstration plant de-
signed to produce gasoline and diesel oil from coal 
by a modified Fisher-Tropsch Igas-synthesis process. 
Includes' description of the plant and process and 
discussion of coal and coke gaSification, synthesis-
gas purification, and synthesis and refining of liquid 
products. 
RI 5804. Low-Temperature Oarbonization of Lignite 
and Sub bituminous Ooal: Effect of Hydrogen At-
mosphere to 1,000 Pounds Pressure, by R. B. Porter, 
W. H. Oppelt, and W. R Kube. 1961. 25 pp. 14 
figs. Oonsiders bench-scale tests performed to de-
termine the influence of pressure on the carboniza-
tion of normally noncaking coals; Indicates 
distribution of gaseous, liquid, and solid products 
as a function of processing pressure. 
tRI 5805. Development of a 10,000-Ampere Oell for 
Electrorefining Titanium, by F. P. Haver and D. H. 
Baker, Jr. 1961. 42 pp. 19 figs. Describes de-
velopment of a 10,OOO-ampere cell constructed to 
determine economic feasibility of producing high-
purity electrolytic titanium from mill scrap or off-
grade sponge. Furnishes studies of costs, operating 
variables, and material handling procedures. Work 
done in cooperation with General Services Ad-
ministration. 
RI 5806. Infrared Spectra of Hydroxy-Aromatic 
Organic Oompounds (Supplement to RI. 5505), by 
W. Beckering and W. W. Fowkes. 1961. 34 pp. 
32 figs. Presents the spectra of 32 compounds, 
lar~ely phenolic materials. 
RI 5807. Oarbonizing Tests With Tuscaloosa Oven: 
Studies of Pushing Pressures, by J. B. Gayle and 
W. H. Eddy. 1961. 14 pp. Oorrelates results of 
previous investigations of pushing pressures. De-
scribes knowledge obtained from 10 years of ex-
periments with a slot-type oven. Work done in 
cQoperation with University of Alabama. 
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tRI 5808. Underground Gasification of Coal: Sec-
ond Experiment in Preparing a Path Through a 
'Ooalbed by Hydraulic Fracturing, by J. P. Oapp, 
K. D. Plants, M. H. lI'ies, O. D. Pears, and L. L. 
Hirst. 1961. 32 pp. 19 figs. Involves the use of 
hydraulic fracturing to increase air acceptance of a 
coalbed for the introduction of combustion air and 
the removal of product gases. 
RI 5809. DefluQrination of SiliceQus Fluorspars at 
Elevated Temperatures, by Arden D. Fugate and 
Lloyd H. Banning.' 1961. 23 pp. 9 figs. Furnishes 
stUdies on solid-state and molten defluorinatiQn 'Of 
siliceous fluorspars. Tests were made to develop 
a pyrohydrolytic prQcess for liberating fluorine from 
offgrade fluorspars. 
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RI 5810. Low-Temperature Heat and Entropies at 
298.15 0 K. of Diaspore, Kaolinite, Dickite, and Hal-
loysite, by E. G. King and W. W. Weller. 1961. 6 
pp. 1 fig. Indicates that diaspore has an u:g.usually 
low heat capacity and entrQPY compared with 
boehmite (another mineral' of the same composi-
tion). Sh'Ows that entropy is not the most Signifi-
cant factor for differences in the thermal stability 
'Of three clay minerals. 
RI 5811. Volatilization of Tin Ohlorides From 
Bolivian Low-Grade Ores and Ooncentrates, by 
K. K. Kershner, F. W. Hoertel, and A. A. Cochran. 
1961. 16 pp. 9 figs. A low-temperature chloride 
volatilization prQcess was used to remove tin from 
slimes, concentrates, and mine-run ores. Tests in-
dicated that more than 95 percent of the total tin 
in Bolivian mine-:run ores CQuid be vQlatilized and 
recovered as tin chloride between 520 0 and 565 0 O. 
Equally high recoveries of tin CQuid be 'Obtained 
frQm 10w-gradeBQlivian concentrates between 565 0 
and 600 0 O. 
RI 5812. Problems in RecQvering Thermal Energy 
FrQm Molten Salts, by T. A. Henrie, R. A. Renner, 
R L. Olson, O. Q. Leone, and D. H. Baker, Jr. 
1961. 27 pp. 1 fig. Describes stUdY undertaken tQ 
determine problems involved in recovery of thermal 
energy frQm molten salts and to assist in planning 
experimental programs for the GnQme prQject. 
RI 5813. An Examination Q,f a LQw-Temperature 
Tar FrQm a North DakQta Lignite, by W. W. 
FQwkes, O. M. Frost, J. J. HQeppner, W. Beckering, 
P. G. Freeman, and R. W. YQungs. 1961. 27 pp. 4 
:figs. Examines a low-temperature tar obtained 
frQm a small-scale commercial unit for carbonizing 
NQrth DakQta lignite for prQducts that might be 
important tQ the eCQnomic prQcessing of the tar. 
RI 5814. SpectrQchemical Analysis of High-Purity 
Tungsten, by R W. Lewis, O. F. Earl, J. L. PQtter, 
and J. R Wells. 1961. 12 pp. 4 figs .. Describes 
experiments undertaken to develQP a spectrQchemi-
cal methQd fQr determining concentratiQns 'Of im-
purities in high-purity tungsten. Presents a 
procedure, developed by :these -experiments, for 
determining 19 impurities in high-purity tungsten. 
RI 5815. Explosibility of OQal Dust in an AtmQs-
phere OQntaining a LQW Percentage of Methane, by 
JQhn Nagy and William N. Portman. 1961. 16 
pp. 10 figs. Presents investigatiQns of the effect 
of low percentages of methane (0 to 5 percent) in 
an air atmQsphere 'On' 'spark-initiated explQsiQns 'Of 
coal dust. 
RI 5816. Infrared Spectra and Analytical OQrrela-
tions of 24 Alkylthiophenes, by DorQthy M. Richard-
SQn, NQrman G. FQster, BartQn H. Eccleston, and 
Oecil O. Ward. 1961. 22 pp. 29 figs .. Expands 
knQwledge range of 'One family of sulfur compounds. 
Includes bibliography. 
t Out of print. 
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RI 5817. E:x;perimental Smelting o-f Utah and 
Wyoming Iron Ores, by Nick Derick and J. P. Riott. 
1961. 10 pp. 1 fig. Recent development of eco-
nomical techniques for concentrating and agglom-
erating taconites has focused attention on low-grade 
magnetite deposits near Atlantic City, Wyo., as 
potentially important sources of iron ore for blast 
furnace smelting. Tests indicate that (1) substitu-
tion of Atlantic City pellets for part of the Utah 
·ore no-w being used increases iron production 'and 
(2) that the quality of coke is a significant limiting 
factor affecting the furnace productivity of Utah 
ore. 
RI 5818. Preparation Characteristics of Coal From 
Harrison County, W. Va., by T. E. Gray and E. R. 
Palowich. 1961. 31 pp. 3 figs. While considering 
current production rates and estimated minable re-
serves, this report indicates the feasibility of using 
coal from the Pittsburgh and Redstone beds for the 
production of metallurgical coke. Float-and-sink 
tests of the samples collected showed that the coal 
could not be upgraded to a metallurgical fuel under 
the established production and reserves standards, 
even after intensive preparation. 
RI 5819. Methods of Analyzing Oilfield Waters: 
Iodides, Bromides, Alkalinity, Acidity, Borate Bo-
ron, Total Boron, Organic Boron, Potassium, Cal-
cium, Magnesium, Iron, Fluorides, and Arsenic, by 
A. Gene Collins, Cynthia Pearson, Dave H. Atta-
way, and J. Wade Watkins. 1961. 39 pp. 8 figs. 
Describes method of determining major, minor, and 
trace constituents of oilfield brine. Includes bibli-
ography. 
RI 5820. Aluminum Fluoride From Wet Hydrogen 
Fluoride Offgas, by Robert K. Koch and Henry E. 
Blake, Jr. 1961. 11 pp. 5 figs. Indicates that 
an aluminum fluoride reactor operating at maxi-
mum efficiency can -retain 96 percent of the fluorine 
contained in offgases generated by pyro-hydrolysis 
of siliceous fluorspar. The requirements are a 
reactor tempera;ture of 2000 C and ·a reactor en-
trance gas containing 5 mole-percent hydrogen 
fluoride. 
RI 5821. Energy Production and Consumption in 
the United States: An Analytical Study Based on 
1954 Data, by Perry D. Teitelbaum. 1961. 145 pp. 
6 figs. Presents energy balance sheet and ana-
lyzes Nation's fuel economy. Includes charts. 
Work done in cooperation with Resources for the 
Future, Inc. 
RI 5822. Ohemical Analyses of Automobile Exhaust 
Gases for Oxygenates, by C. F. Ellis. 1961. 35 pp. 
5 figs. Presents analytical techniques used and 
results of determinations. Includes list of refer-
ences. Work done in cooperation with Public 
Health Service, U.S. Department of Health, Edu-
cation, and Welfare. 
RI 5823. Low-Temperature Phase Equilibria of He-
lium-Bearing Natural Gases: Cliffside Gas, by 
Lowell Stroud, John E. Miller and L. Warren 
Brandt. 1961. 19 pp. 11 figs. Describes tech-
nology of extraction. Contains data in both graphic 
and tabular forms. Includes ,bibliography. 
RI 5824. Particle-Size Reduction of Coal by Attri-
tion in a Tube, by J. L. Konchesky, P. G. Salgado, 
and R. F. Stewart. 1961. 16 pp. 7 figs. Discusses 
operating variables and suggests mechanism for 
pulverizing coal. .' 
RI 5825. Heats and Free Energies of Formation of 
Gibbsite, Kaolinite, Halloysite, and Dickite, by R. 
Barany and K. K. Kelley. 1961. 13 pp. Using 
hydrofiuoric acid solution calorimetry, heat of 
formation values are derived from the elements and 
oxides for the four substances, and the data are 
combined with known entropy values to obtain the 
corresponding free energies of formation. 
RI 5826. Copper Recovery From Segregation-Flota-
tion Concentrates by Ammoniacal-Ammonium Car-
bonate Leaching, by M. H. Stanczyk and P. A. 
Bloom. 1961. 6 pp. 3 figs. Bench-scale laboratory 
tests were made on a segregation-flotation concen-
trate, assaying 20.43 percent copper, to determine 
the influence of various ratios and concentrations 
of ammonia and carbon dioxide on copper extrac-
tion. A recovery· of 96:3 percent of the copper was 
obtained from a feed assaying about 20 percent 
copper; only 0.12 pound of ammonia was lost per 
pound of copper recovered. Resegregation and 
flotation of leach residues recovered additional 
copper. 
RI 5827. Recovery of Zinc From Dross and Tin 
From Hardhead by Amalgam Electrolysis, by P. M. 
Sullivan and D. H. Chambers. 1961. 18 pp. 7 figs. 
Presents methods of processing to produce high-
purity base metals. Includes bibliography. 
RI 5828. Preparation of Tungsten and its Alloys by 
Bomb Reduction, by P. C. Good, D. H. Yee, and 
F. E. Block. 1961. 10 pp. 5 figs. CQvers new 
approaches for preparing tungsten in high-purity 
form. Includes statistical data. 
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RI 5829. A Simple Chemical Method for Estimat-
ing Phosphorus Pentoxide Content of Sedimentary 
Phosphate Ores and Concentrates, by C. P. Mabie 
and H. D. Hess. 1961. 6 pp. 2 figs. Considers a 
method for estimating the phosphorus pentoxide 
content of finely ground sedimentary phosphate 
ores and beneficiated products. The method in-
volves acid decomposition of the ore or product, 
filtration, addition of ammonium molybdate re-
agent to the filtrate, and centrifugation and meas-
urement of the volume of' yellow ammonium phos-
phomolybdate precipitate produced. 
RI 5830. Underground Gasification of Coal: Opera-
·tion of Multiple-Path System, by John P. Capp, 
Robert W. Lowe, and Everett F. House. 1961. 13 
pp.l fig. Indicates the feasibility of simultane-
ously burning several paths through a coalbed to 
develop a multiple-path underground gasification 
system. 
RI 5831. Using Radiant Heat to Reduce Coal Fil-
ter-Cake Moisture: Results of Pilot Plant Tests, 
by E. R. Palowitch. 1961. 16 pp. 4 figs. Consid-
ers. the possibility of reducing coal filter-cake 
moisture by applying radiant heat directly to the 
filter cake while it is under vacuum during the 
drying phase of the filter cycle.. Indicates· that 
this procedure can increase the effectiveness of 
vacuum filtration by about 6 percentage points. 
RI 5832. Construction, Oalibration, and Operation 
of Ice Oalorimeters, by Donald F. Smith, Charles 
E. Kaylor, George E. Walden, Arthur R. Taylor, 
Jr., and John B. Gayle. 1961. 20 pp. 5 figs. In-
cludes results of high-temperatuTe ·heat content 
measurements on rubidium fluoride, hafnium tetra-
fluoride, cesium chloride, and cesium iodide. Work 
done in cooperation with University of Alabama. 
RI 5833. Electric-Furnace Synthesis of Spinel in 
Dusting Slags, by M. E. Tyrrell and N. A. Pace. 
1961. 38 pp. 6 figs. Discusses method of produc-
ing spinel synthetically from inexpensive raw 
materials. Includes bibliography. . 
RI 5834. Determination of Oxygen in Titanium, by 
T. A. Sullivan, B. J. Boyle, A. J. Mackie, and R. A. 
Plott. 1961. 30 pp. 6 figs. Considers techniques 
for determining oxygen content of titanium .and 
titanium alloys. Discusses two vacuum fusion 
methods and one inert-gas fusion method. 
R! 5835. Statistical Analysis of Sample Data for 
Estimating Ore, by Scott W. Hazen, Jr. 1961. 27 
pp. 8 figs. Covers sampling methods and adapta-
tion of techniques of statistical analyses to mine 
sampling. 
RI 5836. Effect of Methyltrichlorosilane on Per-
meability of Sandstone Cores to Gas and Water, 
by W. L. Schmidt and C. J. Walker. 1961. 16 pp. 
Discusses feasibility of using silane to retard infiux 
of water into natural-gas storage wells. Includes 
bibliography. Work done in cooperation with 
American Gas Association. 
RI 5837. Electron Diffraction Study of Garnierite, 
by Charles W. Huggins. 1961. 10 pp. 6 figs. Elec-
tron diffraction and electron microscopy are used 
to determine the unit cell parameters of garnierite 
and to examine its crystal habit. 
RI 5838. Rapid Determination of Particle-Size Dis-
tribution of Pulverized Coal Sedimentation, by R. F. 
Stewart, P. G. Salgado, and J. L. Konchesky. 1961. 
15 pp. 8 figs. Evaluates the Palo-Travis method 
for determining size distribution of coal. Includes 
bibliography. 
RI 5839. Bacteria in Mining and Metallurgy: 
Leaching Selected Ores and Minerals; Experiments 
With Thiobacillus Thiooxidans, by Joseph A .. Sut-
ton and John D. Corrick. 1961. 16 pp. 7 figs. 
Summarizes studies made to determine if this sulfur-
.oxidizing bacterium could use sulfur compounds to 
produce sulfuric acid for leaching metals from low-
grade ores. 
RI 5840. Preparation of High-Purity Nickel, by 
K. K. Kershner, F. W. Hoertel, and J. C. Stahl. 
1961. 15 pp. 6 figs. Outlines procedures for puri-
fying nickel solutions by precipitating and filtering 
impurities. Gives details for using the purified 
solutions as electrolytes in depositing high-purity 
nickel. 
RI 5841. Pilot Plant Development of the Hot-Gas-
Recycle Process for the Synthesis orf High-B.t.u. 
Gas, by D. Bienstock, J. H. Field, A. J. Forney, 
and R. J. Demski. 1961. 27 pp. 11 figs. Indicates 
that a high.JB.tu gas can be synthesized :by the 
catalytic methanation of a mixture of 2.5 to 3 parts 
of hydrogen to 1 part of carbon monoxide, obtained 
in the gasification of coal, using a steel catalyst 
and then Raney nickel in the hot-gas-recycle system. 
RI 5842. Porous Stainless Steel Filters for' Remov-
. ing Dust From Hot Gases, by L. J. Kane, G. E. 
Chidester, E. Takach, and C. C. Shale. 1961. 18 
pp. 11 figs. Describes tests made with three po-
rosities of stainless steel filter materials at speci-
fied gas flow rates, temperatures, and dust loadings. 
RI 5843. Agglomerating Anthracite for Metallurgi-
cal Fuel, by W. S. Sanner, R. E. McKeever, and 
J. W. Eckerd. 1961. 42 pp. 24 figs. Considers 
experiments conducted to provide an ad-equate tech-
nology for the use of anthracite by the metallurgi-
cal industry. 
RI 5844. Chromatographic Resolution of Petroleum 
Porphyrin Aggregates, by L. R. Fisher ,and H. N. 
Dunning. 1961. 19 pp. 7 figs. Describes a rapid 
method for determining quantitatively the porphy-
rin-carboxylic acid content of a particular crude-oil 
porphyrin aggregate and a procedure for isolating 
porphyrins in the crystalline state from crude-oil 
porphyrin aggregates. Work done in cooperation 
with State of Oklahoma. 
RI 5845. Compressibility Factors for Helium and 
Helium-Nitrogen Mixtures, by J. E. Miller, L. W. 
Brandt, and L. Stroud. 1961. 11 pp. 4 figs. Re-
ports experimental determinations of compressibility 
factors to 4,000 pounds per square' inch absolute 
for helium at temperatures from -100 to 1300 F 
and for 16 helium-nitrogen mixtures at 70° F. 
RI 5846. Practical Aspects of Controlling an Under-
ground Fire on a Mining Machine, by Donald W. 
Mitchell, Edwin M. Murphy, John Nagy, and Flor-
ence P. Christofel. 1961. 20 pp. 15 figs. Evalu-
ates effectiveness of a few extinguishing agents and 
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techniques for controlling a fire on a simulated 
mining machine. 
RI 5847. Thermal Expansion and Phase Inversion 
of Rare-Earth Oxides, by Stephan Stecura and 
William J. Campbell. 1961. 47 pp. 18 figs. Con-
tains thermal expansion and phase inversion meas-
urements up to 1,3500 'C on oxides of scandium, 
yttrium, lanthanum, and 12 lanthanide series ele-
ments. 
RI 5848. Dissolution of Zinc From Sphalerite at 
Elevated Temperatures and Pressures, by Martin 
H. Stanczyk and Carl Rampacek. 1961. 23 pp. 
9 figs. Considers the direct dissolution of a typical 
zinc sulfide flotation concentrate by leaching. Com-
plete dissolution of the mineral required vigorous 
and intimate mixing of the gaseous, liquid, and 
solid phases. Work done in cooperation with Uni-
versity of Arizona. 
RI 5849. Photographic Observation of Quarry 
Blasting, by Benjamin Petkof, Thomas G. Atchison, 
and Wilbur I. Duvall. 1961. 14 pp. 6 figs. De-
scribes tests conducted in three rock types to de-
termine how rock breakage occurs in quarry blasting 
in which long cylindrical charges break to two or 
more free surfaces. 
RI 5850. Zirconium-Gadolinium Equilibrium Dia-
gram, by M. I. Copeland, C. E. Armantrout, and H. 
Kato. 1961. 13 pp. 8 figs. Describes part of a 
program, undertaken by the Bureau of Mines and 
sponsored by the U.S. Atomic Energy Commission, to 
investigate rare-earth alloys for use as nuclear, 
reactor control materials. 
RI 5851. Hafnium Electrorefining, by J. R. Nettle, 
J. M. Hiegel, and D. H. Baker, Jr. 1961. 18 pp. 8 
figs. Indicates feasibility of refining low-grade 
hafnium by an inert-gas-shielded molten-salt electro-
refining technique to produce a hafnium metal meet-
ing reactor specifications. Technique was adapted 
from that used for titanium electrorefining. . Work 
done in cooperation with U.S. Atomic Energy Com-
mission.' 
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RI 5852. Laboratory Investigation of the Effect of 
Temperature on Coal Flotation, by J. B. Gayle and 
W. H. Eddy. 1961. 11 pp. 10 figs. Indicates the 
effects of changes in pulp temperature on coal flo-
tation recovery and on the selectivity of separation 
possible with different reagents. Work' done in co-
operation with University of Alabama. 
RI 5853. Fa tigue Properties of Manganese-Copper 
Damping Alloys, Iby J. W. Jensen, A. E~ Schwaneke, 
andD. F. Walsh. 1961.14 pp.9 figs. Describes 
results of fatigue tests on alloys of four composi-
tions. Indicates that the general rule that vibra-
tion~dampening manganese-copper alloys are com-
parable to mild steel in hardness and strength may 
be extended to include fatigue strength. 
RI 5854. Experimental Tertiary Amine Flotation of 
Zinc Silicate (Hemmorphite) from Missouri, by W. 
M. Dressel and W. A. Calhoun. 1961. 7 pp. 2 figs. 
Indicates a mineral-dressing procedure suitable for 
concentrating zinc silicate minerals from certain 
deposits in southwestern Missouri. 
RI 5855. Low-Temperature Heat Capacities and En-
tropies at 298.15° K. of Some Sodium- and Calcium-
Aluminum Silicates, by E. G. King and W. W. 
Weller. 1961. 8 pp. 2 figs. Summarizes data on 
measured heat capacities used to derive entropy 
values for four minerals at 298 0 K. 
RI 5856. Hafnium Content of Domestic and For-
eign Zirconium Minerals, by H. D. Hess. 1962. 62 
pp. Gives data on the hafnium content of 147 
samples of foreign and domestic zirconium' miner-
als that were evaluated in an effort to locate com-
mercial sources of high-hafnium ores. Each sample 
also was analyzed for combined zirconium-hafnium 
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oxide, silica, uranium, thorium, yttrium, and ce-
rium. Work was conducted under joint sponsorship 
of U.S. Atomic Energy Commission and Bureau of 
Ships, U.S. Department of the Navy. 
RI 5857. Thermodynamic Data for Lanthanum Ses-
quioxide, by E. G. King, W. W. Weller, and L. B. 
Pankratz. 1961. 6 pp. 2 figs. Presents results of 
low-temperature heat capacity -and high-temperature 
heat content measurements of lanthanum sesqui-
oxide. 
tRI 5858. Hea'ts and Free Energies of Formation of 
Oxides of Vanadium, by Alla D. Mah and K.K. 
Kelley. 1961. 11 pp. Reports new heat of forma-
tion data for four oxides of vanadium (VO, V203, 
V02, and V206). 
RI 5859. High-Temperature Heat Contents and En-
tropies of Bismuth Chloride and Cerous Chloride, 
by G. E. 'Walden and Donald F. Smith. 1961. 4 pp. 
Presents data on heat contents of two chlorides 
measured through temperature ranges of 3700 to 
6300 K and 370 0 to 1,2000 K, respe0tively. W'ork 
done in cooperation with University of Alabama. 
RI 5860. Reconnaissance of Titaniferous Sandstone 
Deposits of Utah, Wyoming, New Mexico, and Colo-
rado, by V. T. DoW and J. Vance Batty. 1961. 52 
pp. 28 figs. Summarizes study of 82 deposits in 
four States. Includes bibliography. 
RI 5861. Preparation of Tungsten by Reduction of 
Tungsten Hexachloride, by P. C. Good and F. E. 
Block. 1961. 9 pp. 4 figs. Describes the purifica-
tion of tungsten hexachloride by distillation and its 
reduction with sodium, magnesium, or hydrogen. 
The metal thus prepared is of very high purity after 
arc melting. 
RI 5862. Separation of Tantalum From Colum-
bium by the Hydro:fluoric Acid-Sulfuric Acid-Methyl 
Isobutyl Ketone System, by S. L. May, J. L. Tews, 
and T. N. Goff. 1961. 31 pp. 6 figs. Describes a 
process for separating columbium from tantalum 
and for severing the two metals from other metal-
lic impurities normally extracted with them from 
ores and concentrates. 
RI 5863. Relative Efficacy of Stemming Materials 
in Reducing Incendivity of Permissible Explosives, 
by R. W. Van Dolah, N. E. Hanna, and R. L. Grant, 
1961. 8 pp. 4 figs. Discusses relative efficacy of 
water and several other stemming materials in re-
ducing the incendivity of the gallery-cannon shot 
in firedamp. 
RI 5864. Iron Mountain Titaniferous Magnetite De-
posits, Fremont County, Colo., by R. M. Becker, 
S. S. Shannon, Jr., and C. K. Rose. 1961. 18 pp. 
17 figs. Presents information obtained from mag-
netic, gravity, and geologic surveys undertaken to 
permit an estimate of the extent and magnitude of 
the deposit. Work done in cooperation with Colo-
rado School of Mines. 
RI 5865. Effects of Aluminum, Nitrogen, Manga-
nese, and Copper Impurities on Hot Water and 
Steam Corrosion Rates of Zircaloy-3. by M. D. 
Carver, R. F. Link, and H. Kato. 1961. 15 pp. 
Describes effects of variations in content (near the 
residual level) of the impurities of the four ele-
ments on corrosion rate in pressurized hot water 
and in pressurized steam of zircaloY-3, a zirconium-
base alloy of 0.25 percent tin and 0.25 percent iron. 
RI 5866. The Foam-Drive Process for IncreaSing 
the Recovery of Oil, by A. N. Fried. 1961. 65 pp. 
28 figs. Laboratory tests have revealed an entirely 
new oil-displacement mechanism, which can greatly 
reduce the amount of oil unrecovered by conven-
tional secondary-recovery methods. Outside the lab-
oratory, the application of foam injection to reser-
t Out of print. 
voirs will require the development of methods and 
equipment for generating and injecting foams. 
RI 5867. Factors InfluenCing the Incendivity of 
Permissible Explosives: Ammonium Nitrate and 
Carbonaceous Material, by N. E. Hanna, R. L. 
Grant, and R. W. Van Dolah. 1961. 11 pp. 3 figs. 
Describes a statistically designed experiment for 
studying effects of the particle size of ammonium 
nitrate and the type of carbonaceous materials 
used on the incendivity of permissible explosives. 
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RI 5868. Electrowinning Cerium-Group and Yttri-
um-Group Metals, by E. Morrice, B. Porter, E. A. 
Brown, C. Wyche, and R. G. Knickerbocker. 1961. 
39 pp. 4 figs. Describes laboratory procedure and 
the requisite equipment for' electrowinning ingot 
(liquid) cerium metal from a fused-fluoride bath. 
Considers bath properties and electrochemistry 
and a speculative model of the mechanisms in-
volved. 
RI 5869. Froth Flotation and Chemical Processing 
of Colorado Ferberite Ores, by K. C. Dean and 1. L. 
NicholS. 1961. 15 pp. 1 fig. Presents the com-
bination of flotation and chemical processing meth-
ods used to treat typically low-grade ores from the 
Boulder County; Colo., area. The treatment pro-
duced specification-grade synthetic scheelite. 
RI 5870. Purification of Hafnium Tetrachloride by 
Alkali-Chloride Fusion, by A. Adams .and H. O. 
Poppleton. 1961. 13 Pp. 5 figs. Describes an 
attempt to produce a ,higher purity hafnium metal 
. than' that currently obtained by the Kroll process. 
RI 5871. Further Studies of the Fischer-Tropsch 
Synthesis USing Gas Recycle Cooling (Hot-Gas-
Recycle Process), -by J. H. Field, D. Bienstock, A. J. 
Forney, and R.J. Demski. 1961. 32 pp. 8 figs. 
Indicates that the system is operable and presents 
optimum conditions for gasoline production. 
RI 5872. Effects of Interstitial Impurity Levels on 
Mechanical Properties of Columbium at Low Tem-
peratures, by M. D. Carver, J. T. Dunham, and H. 
Kato. 1961. 14.pp. 8 figs. Results showed the 
almost pure metal to be ductile at minus 194 0 0, 
the lower limit of the range used. Ductility of 
less pure columbium appeared to depend on the 
interstitial element content. 
RI 5873. Continuous Analysis of Helium in Natu-
ral Gas by Chromatography, by C. L. Klingman and 
J. D. Marshall. 1961. 17 pp. 8 figs. Describes an 
analyzer able to record automatically, at 5-minute 
-intervals, the helium content of inlet or discharge 
gases from helium-extraction plants. 
RI 5874. Disposal of Liquid Wastes in the Durango-
Type Uranium Milling Flowsheet, by K. E.Tame, 
E. G. Valdez, and J. B. Rosenbaum. 1961. 12 pp. 
3 figs. Report is first of a series describing re-
search -by the Bureau on modifications in convEm-
tional uranium ore milling circuits that will con-
fine and permit controlled disposal of radioactive 
wastes. A bench-scale simulation of the uranium 
mill flowsheet· of the Durango, Colo., plant of the 
Vanadium Corporation of America was used to ex-
amine the possibility of reusing waste solutions-
in effect to erase the need for disposal of the liquid 
waste. See also RI 6011, 6045, and 6114. 
RI 5875. Flotation of Bertrandite and Phenacite 
From MountW'heeler, Nev., Beryllium Orp., by 
Richard Havens,W. I. Nissen, and J. B. Rosen-
baum. 1961. 14 pp. Summarizes procedure .de-
veloped and results obtained in bench-scale flota-
tion tests. 
RI. 5876. Forced Convection Heating of Steel Scrap 
in a Fuel-Fired Vertical Furnace, by R. J. Leary, 
W. O. Philbrook, and B. J. Mitchel. 1961. 32 pp. 
16 figs. Presents study on design and operation of 
furnaces using steel scrap in arc furnace steel-
making. 
RI 5877. Flammability and Detonability Studies of 
Hydrogen Peroxide Systems Containing Organic 
Substances, by J. M. Kuchta, G. H. Martindill, M. 
G. Zabetakis, and G. H. Damon. 1961. 20 pp. 9 
figs. Summarizes study on hazards created by 
presence of· combustibles in peroxide liquid and 
vapor during such a process. Work done in coop-
eration with Solvay Process Division of Allied 
Ohemical Corp. and Columbia Southern Chemical 
Corp. 
RI 5878. Determination of Oxide Solubility in 
Molten Fluorides, by Bernard Porter and E. A. 
Brown. 1961. 8 pp. 2 figs. Describes method 
used to prepare high-purity· reactive metals." In-
cludes bibliography. 
RI 5879. Effect of Temperature in Ion-Exchange 
Separation of Rare-Earth Elements and Recovery 
of EDTA From EfHuent Solutions, by R. E.Lind-
strom, J. O. Winget, and J. S. Berber. 1961. 16 
pp. 11 figs. Presents one phase of a research pro-
gram designed to assist technology of separating 
and purifying elements. Includes bibliography. 
RI 5880. Preparation and Metallic Reduction of 
Rare-Earth Halides and Oxides, by T. T. Campbell, 
F. E. Block, R. E. MussIer, and G. B. Robidart. 
1961. 29 pp. 10 figs. Traces the development of 
techniques for the preparation of high-purity rare-
earth metals. The metals were prepared by con-
verting their oxides to anhydrous chlorides or flu-
orides and reducing the rare-earth halides with 
active metals such as lithium or calcium. 
RI 5881." Deformation of a Borehole in Rock, by 
Robert H. Merrill and Jon R. Peterson. 1961. 32 
pp. 20 figs. Describes first phase of investigation 
to determine direction and magnitude of stresses in 
rocks surrounding an underground opening. In-
cludes bibliography. 
RI 5882. Seismic Methods of Detecting and .Deline-
ating Subsurface Subsidence, by Leonard Obert and 
Wilbur I. Duvall. 1961. 28 pp. 19 figs. Discusses 
pr~ncipal features and instrumentation for the travel-
time, micro seismic, traveltime difference, and seis-
mic reflection methods. 
RI 5883. Comparison of Methods for Detecting and 
Analyzing Fumes From Explosives, by Edward J. 
Murphy. 1961. 13 pp. 2 figs. Presents a com": 
parative study of several analytical methods for 
determining carbon monoxide and nitrogen oxides 
in toxic gases produced by detonation of explosives. 
RI 5884. Beneficiation of Uranium Ores, by K. E. 
Tame and J. B. Rosenbaum. 1961. 28 pp. 7 figs. 
Presents history of physical beneficiation of ura-
nium ores. Reviews current conditions. Considers 
concentration of uranium ores by attrition grinding. 
RI 5885. Preparation of Ultrathin Sections of Coal, 
by .T. T. McCartney, R. E. Walline, and Sabri Ergun. 
1961. 5 pp. 3 figs. Describes the cutting of ultra-
thin sections of coals ranging in rank from lignite 
to' anthracite. These section's are abO'ut 1 mm in 
area and 500 to' 2,000 A thick, about 1/100 of the 
thickness obtained by the earlier methods. 
RI 588ft Simulated Nuclear Reactor System for 
High-Temperature Process Heat: 1.000-Hour Dem-
onstration Run at 2.500° F., by N. H. Coates, J. P. 
McGee, and G. E. Fasching. 1961. 15 pp. 16 figs. 
Explains part of the joint program of AEC and 
Bureau of Mines to supply process heat by the use 
of nuclear energy. Indicates that construction of a 
250-psig helium-recycle system to' operate with gas 
temperatures a.s high as 2.500° F appears feasible. 
RI 5887. Evaluating Cuyuna Manganese "Resources 
by Sulfatizing, by Charles Prasky, R. L. Marovelli, 
and F. E .. Joyce, Jr. 1961. 27 pp. 7 figs. De-
scribes part of a continuing investigation of Cuyuna 
iron range manganese deposits in Crow Wing County, 
Rep<l.rts of Investigations 
Minn. Reveals response to sulfatization of diverse 
low-grade manganiferous materials in the iron for-
mation of Cuyuna district. _ 
RI 5888. In Situ .Determination of the Dynamic 
Elastic Constants of Rock, by Harry R. Nicholls. 
1961. 13 pp. 7 figs. Describes an economical· 
method for determining the in situ longitudinal and 
shear velocities in rock from which elastic constants 
can be calculated. Work done in cooperation with 
U.S. Atomic Energy Commission. 
RI 5889. Isolation and Colorimetric Determination 
of Rhenium, by H. E. Peterson, J. S. MacDuff, and 
M. W. Hovey. 1961. 32 pp. 6 figs. Reveals a 
method for detecting and measuring minute quan-
tities of the metal. Includes bibliography. 
RI "5890. Effects of Ultrasonics on Electrolytic Dep-
osition of Copper and Zinc From Sulfate and Cyanide 
Electrolytes, by Charles B. Kenahan and David 
Schlain. 1961. 53 pp. 33 figs. Shows that ultra-
sonic radiation with frequencies of 20, 26, and 38 
kilocycles per second permits the electrodeposition 
of copper in adherent, well-consolidated form from 
a copper sulfate-sulfuric acid solution at higher cur-
rent densities (up to 300 ampert:!s per square foot) 
and lower cell voltages. 
RI 5891. Recovery of Germanium, Cadmium, and 
Lead as SUlfides From Zinc Concentrates by Batch 
and Fluid-Solids Roasting, by A. G. Starliper, H. 
Kenworthy, and P. T. Gain. 1961. 21 pp. 6 figs. 
Both methods give satisfactory metallurgical recov-
eries, but the second process, which is continuous, is 
recommended because of inherent advantages. Final 
products are enriched fractions that can he treated 
by conventional methods for producing metallic ger-
manium, cadmium, and lead . 
. RI 5892. Thermochemistry of Erbium, by R. L. 
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Montgomery and J. M. Stuve. 1961. 10 pp. Re-
veals heats of solution of erbium chloride in water 
and in hydrochloric acid and of erbium oxide in 
hydrochloric acid. 
RI 5893. Preparing Boron by Fused-Salt Electroly-
Isis: A Preliminary 'Study, by D. Z. Hohbs, T. T. 
Campbell, and F. E. Block. 1961. 17 pp. 3 figs. 
Describes investigations directed toward the devel-
opment of techniques for the preparation of pure 
boron by fused-salt electrolysis. 
RI 5894. Chloridizing the Sulfides of Lead, Zinc, 
and Copper, by K. K. Kershner and J. G. Donald-
son. 1961. 19 pp. 15 figs. Considers a study 
designed to provide background data for extending 
and improving applications of chlorine metallurgy 
in extracting metals from ores. 
RI 5895. Producing and Ladle-Treating Medium-
Carbon Alloy Steels With Rare-Earth Metals and 
Oxides, by R. .T. Leary, E. J. Ostrowski, and N. 
Derick 1961. 50 PP. 14 figs. Investiga tes effect 
of ladle additions of small quantities of rare-earth 
metals or their oxides in wrought and in cast plain 
carbon and alloy mechanical steelR containing ap-
proximately 0.35 percent carbon .. Work done in co-
operation with Ordnance Corps, Watertown Arsenal, 
U.S. Departmentorf the Army. 
RI 5896. Combustion at Elevated Pressures in a 
Spherical Vessel, by Joseph Grumer, Edwin B. Cook, 
J. Kenneth Richmond, and Theodore A. Kubala. 
1961. 19 pp. 7 figs. Describes an instrumented 
vessel for determining burning velocities of ethylene-
air mixtures with initial pressures as high as 20 
atm. 
RI 5897: Ferrochromium From Western Metallurgi-
cal-Grade Chromite, by Willard L. Hunter and Gary 
A. Kingston. 1961. 9 pp. Samples of chromite ore 
and concentrate are smelted in a submerged-arc fur-
nace to establish smelting conditions and the energy 
requirement to produce high-carbon ferrochromium. 
Reports of Investigations 
RI 5898. Field Test for Oolumbium, by T. N. McVay 
and Annie G. Smelley. 1962. 9 pp. Discusses 
mineralogy of columbium-tantalum minerals and the 
sensitivity and reliability of the test. Work done 
in cooperation with University of Alabama. 
RI 5899. Electric Smelting and Gaseous Refining of 
Oement-Oopper Precipitate, by F. E. Brantley, R. G. 
Peterson, and J. B. Olemmer. 1961. 14 pp. 8 figs. 
Discusses research made to delineate problems of 
smelting and refining the element to commercial-
grade products. 
RI 5900. Heats and Free Energies of Formation of 
Some Hydrated and Anhydrous Sodium- and Cal-
cium-Aluminum Silicates, by R. Barany. 1961. 17 
pp. Gives results of experiment conducted to obtain 
heats of· formatton at 298.15 0 K of analcite, law-
sonite, anorthite, and leonhardite. 
RI 5901. Heats and Free Energies of Formation of 
Anhydrous Silicates, by K. K. Kelley. 1961. 32 pp. 
Presents up-to-date data on temperatures above 
298.15 0 K. Oontains tables for 51 sUbstances. In-
cludes bibliography. 
RI 5902. Synthetic Fuel From Ooal for Supersonic 
Aircraft; by M. D. Schlesinger and R. W. Hiteshue. 
1961. 19 . pp. 5 figs. Describes a fuel, prepared 
from low-temperature tar, that meets most of the 
speCifications for a thermally stable jet fuel. 
RI 5903. Semiquantitative Spectrographic Analysis 
of Tungsten, by M. J. Peterson and O. L. Ohaney. 
1961. 17 pp .. ' 11 figs. Presents a spectrographic 
procedure applicable to the semiquantitative deter-
mination of 29 elements in tungsten. The method 
is designed to give estimates of impurity. concen-
trations up to 500 \ppm. Limits of detectahility 
range from 0.3 to 100 ppm. 
RI 5904. Low-Temperature Oarbonization Assays of 
Ooals and Relation of Yields to Analyses, by W. S. 
Landers, J. B. Goodman, and D. J. Donaven. 1961. 
41 pp .. 3 figs. Summarizes results of 220 carbon-
ization assays condUcted on selected coals from 12 
States and 9 foreign countries. 
RI 5905. Washability Examinations of Ooals From 
the Rocky Mountain and Pacific Ooast States, by 
M. R. Geer and H. F. Yancey. 1961. 34 pp. Oom-
prises results of examinations made on coals from 
Oregon, Idaho, Wyoming, Utah, and Washington. 
Includes specific gravity data on each bed. Work 
done in cooperation with' University of Washington. 
RI 5906. Lightweight Aggregates: Expansion Prop-
perties of Olays, Shales, and Precambrian Rocks of 
Wisconsin, by W. A. Oole, G. F. Hanson, and W. T. 
Westbrook. 1961. 26 pp. 1 fig. Oovers preliminary 
phase of investigation to determine feasibility of 
processing lightweight aggregates in Wisconsin. 
RI 5907. Field Test for Germanium, by W. M. 
Dressel. 1962. 4 pp. Describes a simple test for 
detecting the metallic element in rocks, coals, and 
:flue dust. The test can be used by persons who are 
nOit highly trained in analytical chemistry. Amountp' 
as small as 0.001 percent can be detected by thi 
method. 10 cents. 
RI 5908. Hydrogenation of Ooal at Short Retention 
Times, by Paul S. Lewis, Henry H. Ginsburg, and 
Raymond W. Hiteshue. 1961. 14 pp. 9 figs. Bench-
scale experiments show the gross effect of retention 
times from 0.1 to 14.5 minutes on the conversion of 
high-volatile 0 bituminous coal to liquids and gases. 
RI 5909. Preparation Characteristics of Coal From 
Boone County, W. Va., by T. E. Gray and E. R. 
Palowitch. 1961. 39 pp. 3 figs. Describes prepa-
ration characteristics of the significant coalbeds in 
Boone County, W. Va. Indicates the coals suitable 
for producing metallurgical coke, either as mined 
or after beneficiation. 
RI 5910. Extraction and Separation of Yttrium and 
Rare-Earth Elements Found in Euxenite, by William 
G. Gruzensky. 1961. 22 pp. 2 figs. A separation 
factor of 10.92 was obtained between yttrium and 
cerium from a single-stage extraction, and a factor 
of 1.78 was obtained between yttrium and erbium 
from a multi-stage system. Study inclUded extrac-
tion from euxenite concentrate, separation by sol-
vent extraction, fractional precipitation studies, che-
late fractionations, fractionation by thermal decom-
position, rare-earth extractions with nonaqueous 
systems, and separation by aliphatic amines. 
tRI 5911. Production of Synthesis Gas and Hydro-
gen by the Steam-Iron Process: Pilot Plant Study 
of Fluidized and Free-Falling Beds, by S. J. Gasior, 
A. J. Forney, J. H. Field, Daniel Bienstock, and H. 
E. Benson. 1961. 49 pp. 31 figs. A mixture of 
iron . and iron oxide from 20- to 100-mesh was par-
tially reduced with a simulated producer gas and 
then oxidized with steam and/or carbon dioxide. 
Results showed the effects of pressure, temperature, 
bed height, gas-to-solids ratio, type of iron oxide, 
and composition of gas on the gas and solids con-
versions during reduction and oxidation. 
RI 5912. Carbonizing Tests With Tuscaloosa Oven: 
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Hardness· of Cokes From Blends Containing Added 
Inerts, by J. B. Gayle and W. H. Eddy. 1961. 22 
pp. 5 figs. Presents results of testing with wider 
range of inerts and determines. applicability of con-
clusions using sole-heated oven. Work done in co-
operation with University of Alabama. 
RI '5913. Calculated Equilibrium Gas Composition 
of Water-Oarbon Dioxide Mixtures Over Iron at 
Pressures of 1 to 30 Atmospheres and Temperatures 
of 8000 to 1,3000 K., by W. P. Haynes and R. W. 
Smith, Jr. 1961. 40 pp. 55 figs. Discusses a 
modified steam-iron process for producing hydrogen; 
a :fluidized bed is used instead of the conventional 
cyclic, fixed-bed system. Goals sought include im-
proved thermal efficiency, the production of syn-
thesis gas (hydrogen plus carbon monoxide), and 
possibly the producti'Onof a high-Btu gas sta'rting 
with coal-derived producer gas. 
tRI 5914. Engineering Study of Water Injection in 
14 Oil Reservoirs of North Louisiana, -by Paul 
Meadows, M. E. Hawkins, L. K. Weaver, and O. W. 
Jones. 1962. 143 pp. 63 figs. Describes 14 water-
injection projects and discusses 9 of the 14 fully. 
Work done in cooperation with Louisiana Depart-
ment of Conservation. 
RI 5915. Hydraulic Coal Mining Research: Equip-
ment and Preliminary Tests, by J. J. Wallace. G. C. 
Price, and M. J. Ackerman. 1961. 25 pp. 13 figs. 
Describes initial phase of research and outlines pro-
posed future research. Tests were conducted in the 
comparatively flat-lying Pittsburgh coalbed. RI 
6276, published in 1963, describes further tests of 
hydranlic mining methods in a steeply pitching 
coalbed, Roslyn No.5 in the State of Washington. 
RI 5916. Recovery of Thorium From Ores in. Colo-
rado, Idaho, and Montana, by S. R. Borrowman and 
J. B. Rosenbaum. 1962. 35 pp. 14 figs. Sum-
marizes results of procedures to recover thorium 
and finds that thorite ores are amenable to treat-
ment by an acid-leach solvent· extraction process, 
analogous to that employed by some uranium mills. 
RI 5917. Recovery of Thorium From a Wyoming 
Ore, by S. R. Borrowman and J. B. Rosenbaum. 
1962. 8 pp. 1 fig. Discusses method of extracting 
thorium oxide from monazite concentrate by sulfuric 
acid leach-amine solvent extraction process and re-
covering rare-earth products from the raffinate. 
t Out of print. 
RI 5918. Separating Tantalum and Columbium by 
Solvent Extraction: HF-HCI-Diethyl Ketone Sys-
tem, by Willard L. Hunter and Kenneth B. Higbie. 
1962. 10 pp. 3 figs. Summarizes method used for 
extracting, separating, and reducing these elements 
to metal. 
RI 5919. Calcium- Fluoride Additions to Chlorina-
tion Reactions, by A. W. Henderson and F. E. Block. 
1962. 19 pp. 9 figs. Presents study of chlorination 
reactions in presence of tluorine donor and shows 
that recovery of tantalum and columbium or haf-
nium and zirconium is increased. 
RI 5920. Effect on Cricondenbar and Other Phase-
Boundary Pressures' of Adding Light Hydrocarbons, 
Nitrogen, and Carbon Dioxide to Oils and Gas-
Condensate Fluids, by L. M. Burman, ByronA. 
Baker, and C. Kenneth Eilerts. 1962. 41 pp. 13 
figs. Indicates a procedure for calculating the effect 
on phase-boundary properties produced by adding 
light components to reservoir tluids, using certain 
correlations of critical temperature, critical pres-
sure, and cricondenbar pressure. Nitrogen,'- 'carbon 
dioxide, the light hydrocarbons, and a natural hy-
drocarbon gas were added to a reservoir oil and to 
three gas-condensate tluids in 100 different concen-
trations. The results demonstrate how changes in 
composition affect phase-:-boundary pressure. 
RI 5921. A Method of Predicting Performance of 
Five-Spot Watertloods in Stratified Reservoirs Using 
Streamlines, by R. V. Higgins and A. J. Leighton. 
1962. 23 pp. 21 figs. Presents a method of cal-
culating the performance of a watertlood' starting 
in either the primary or secondary phase of re-
covery. 
RI 5922. Beneficiating and Smelting Carter Creek, 
Mont., Iron Ore, by Wesley T. Holmes II, W. Floyd 
Holbrook, and Lloyd H. Banning. 1962. 21 pp. 7 
figs. Discusses laboratory-scale beneficiation tests 
, made on handpicked and bulk samples, an agglom-
eration test on' the concentrates, and smelting tests 
on fine magnetic concentrates. 
RI 5923. Amines in Liquid-Liquid' Extraction of 
Rare-Earth Elements, by A. C. Rice and C. A. Stone. 
1962. 15 pp. 8 figs. Describes part of a research 
program to implement technology of separation and, 
purification of rare-earth elements. 
RI 5924. Leaching Michigan Copper Ore and Mill 
Tailings With Acidified Ferric Sulfate, by A.' F. 
Oolombo and D. W. Frommer. 1962. 12 pp. 6 figs. 
Discusses technical feasibility of leaching system 
including effects of roasting before leaching and 
long-residence leaching. 
RI 5925; Iron-Gadolinium Phase Diagram, by M. I. 
Copeland, M. Krug, C. E. Armantrout, and H. Kato. 
1962. 16 pp. 10 figs. The iron-gadolinium phase 
diagram was investigated by careful techniques, in-
cluding melting-point determinations, thermal analy-
ses, metallographic examination, and X-ray diffrac-
tion analyses. Investigation is part of a program 
sponsored by U.S. Atomic Energy Commission -to in-
vestigate rare-earth alloys. 
RI 5926. Carbonizing Properties of Perry County, 
Ky., Ooals, by G. W. Birge and D. E. Wolfson. 1962. 
15 pp. 3 figs. Gives results of an investigation of 
the carbonizing properties of seven samples from 
the Hindman, Flag, Haddix, and Fire Clay beds. 
Rr" 5927. Carbonizing Properties of Butler County, 
Pa., Coals, by G. W. Birge and D. E. Wolfson. 
1962. 12 pp. 3 figs. Gives results of investigation 
on carbonizing properties of eight samples from Up-
per Freeport, Lower Freeport, Upper Kittanning, 
Middle Kittanning, Lower Kittanning, Clarion, and 
Brookvilie beds in Pennsylvania by the standard 
method BM-AGA carbonization test. 
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RI 5928. A Rapid Twist Test for. Determining Hot-
Forming Temperatures of Steels, by C. S. Tout, Jr., 
and Lloyd H. Banning. 1962. 22 pp. 18 figs. Dis-
cusses a simple test for evaluating the formability 
of low-nickel austenitic stainless steels. These tests· 
can be made in a newly developed twist-test machine 
in a few minutes. Includes turn-to-failure data and 
a list of references. 
RI 5929. Heturn-Line Corrosion in Federal Heating 
Systems, by A. A. Berk and G. L. Hopps. 1962. 42 
pp. 8 figs. - SUmmarizes current practices fo~ con-
trolling corrosion in Government-operated steam 
heating plants. Contains analytical methods that 
were developed for investigating filming treatment. 
RI 5930. Thermodynamic Functions for Internal 
Rotations That Involve Rotational Isomerism, by 
D. W. Scott and J. P. McCullough. 1962. 27 pp. 6 
figs. Presents tables of contributions for two po-
tential functions. 
RI 5931. Effect of Sulfur Retention on Determined 
Ash in Lower Rank Coals, by W. H. Ode and F. H. 
Gibson. 1962. 11 pp. Describes results of an in-
vestigation for determining sulfur content in ash 
of 2 German brown coals and 22 American lignites, 
and also some simple modifications of the ashing 
procedure to minimize retention. 
RI 5932. Analytical Method for Study -of Thermal 
Degradation of Oil Shale,by John Ward Smith. 
1962. -17 pp. 2 figs. Presents an analytical method 
designed to provide for control of retorting condi-
tions, precise direct gravimetric measurement of 
the thermal degradation products, samples of all 
products, determination of the identities and 
amounts of gaseous compounds produced, elemental 
analysis and gross heating valu'e of . all products, 
and the determination of the distribution in the 
retorting products of the. elements in the original 
samples. 
RI 5933. Quality of Zirconium Prepared by Dif-
fe1,'ent Reductants, by Gerald W. Elger. 1962. 20 PP. 
10 figs. Compares quality of the metal prepared by 
batch reduction of zirconium tetrachloride by so-
dium, magnesium, and mixtures of sodium and 
magnesium at temperatures -of 7000 to 850-0 C. 
Work done in cooperation with U.S. Atomic Energy 
Commission. . 
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RI 5934. Production of Molybdenum Metal by Mag-
nesium Reduction of Molybdenum Oxides, by T. T: 
Campbell, F. E. Block, and E. R. Anderson. 1962. 
22 pp. 13 figs. Describes procedures for preparing 
high-purity ductile molybdenum of uniform quality 
by bomb-reduction techniques. Discl'Wses experi-
mental results and properties of bomb-reduced 
molybdenum trioxide. 
RI 5935. Structural and Optical Data on Synthetic 
Asbestiform Materials: Pota.ssium-lead Silicate and 
Lead-Aluminum Silicate, by Gerald V. Gibbs, Irving 
L. Turner, and F. Donald Bloss. 1962. 11 pp. 3 
figs. Provides crystallographic data for synthetic iso-
typic compounds K2'Pb~'Sis-021 and Pb2·Pb4·Ah·Sie • 
021. Includes powder data, accurate cell edges, unit 
cell contents, optical properties, and provisionally as-
sumed space group symmetry. 
RI 5936. Properties of Arc-Melted Iron-Chromium 
Alloys, by G. Asai and H. Kato. 1962. 14 pp. 12 
figs. Determines properties for arc-melted binary 
alloys having chromium contents ranging from 12 
to 50 weight-percent. Discusses experimental work 
and results. 
RI 5937. Preparing Metal-Grade Vanadium Oxide 
From Red Cake and Mill Solutions, by C. J. Chind-
Ogren, L. C. Bauerle, and J. B. Rosenbaum. 1962. 
14 pp. Describes methods for upgrading commercial 
red cake and for manufacturing metal-grade oxide 
directly from uranium mill solutions. 
Reports of Investigations 
RI 5938. Studies of the MnO-Si02 Binary System, by 
E. L~ Singleton, L .. Oarpenter, and R. V. Lundquist. 
1962. 31 pp. 8 figs. Oonsiders the chemical and 
physical characteristics of the condensed MnO-Si02 
system; contains fundamental. data which should 
permit a better. understanding of the more complex 
slag systems. 
RI 5939. Sintering and Smelting Manganese Con-
centrates From Maggie Canyon Ore,Artillery Moun· 
tains Area, Ariz., by V. E. Edlund and R. S. Lang. 
.1962. 27 pp. 5 figs.. . Deals with pyrometallurgical 
treatment of flotation concentrate and manganese 
precipitate, prepared by the standard ferromanga-
nese method. Discusses. plant-scale sintering and 
. smelting process fOJ; recovering· manganese from 
the ore. 
RI 5940. Concentration of Pollucite Ores, by K ... C. 
Dean and I. L. Nichols. 1962. 10 pp. Describes 
cationic froth flotation method used to recover pol-
lucite from ores taken from Maine, Southern 
Rhodesia, and Canada. Discusses separation of 
cesium and rubidium. 
RI 5941. Solvent ~xtraction of Beryllium From 
Sulfate Solutions by Alkylphosphoric Acids, by R. 
O. Dannenberg, D .. W. Bridges, and J. B. Rosen-
baum. 1962. 16 pp. 3 figs. Presents experiments 
and reviews theoretical aspects of the use' of or· 
ganophosphate solvent extraction for recovering 
beryllium from sulfate leach liquors. Discusses 
procedures and experimental and supplemental 
results. 
RI 5942. Foam Ooncentration of Scandium by D. J. 
Bauer. 1952. 15 pp. 17 figs. Describes apparatus 
and experiments made to assess the technical feasi-
bility of concentrating scandium from dilute solu-
tions by foam fractionation techniques; discusses 
analytical procedure. 
RI 5943. Electrochemical Reduction of Coal, by 
Heinz W. Sternberg and Irving Wender. 1962. 10 
pp. Reviews the literature on electrochemical treat-
ment of coal and evaluates possible paths of future 
research. Considers electrolytic reduction of coal in 
amines, reduction of coal by electrolytically gen-
erated free-radical anions, reduction potentials of 
aromatic structure in coal, introducti.on of carboxyl 
groups into coals,. and the mechanism of hydrogen 
addition to condensed aromatic structures. 
RI 5944. Refractory froperties of MagneSia Spinel 
Recovered From Dusting Slags, by M. E. Tyrrell. 
1962. . 8 pp. 4 figs. Three types of refractory 
bricks were studied: Dense, lightweight bubble, and 
insulating .. Test specimens were fabricated by dry 
pressing, fired'to 1,675° C, and tested by common 
industrial procedures. The concentrates produced a 
refractory with satisfactory density and mechanical 
strength. 
RI 5945. Corrosion of Zirconium in Oupric and 
Ferric Chlorides, by D. J. Stoops, M. D. Carver, and 
H. Ka to. 1962. 11 pp. 7 figs. Discusses the effect 
of metallurgical and surface treatments on the 
corrosion behavior of arc-melted reactor~grade zir~ 
conium in cupric or ferric chloride solutions. An 
apparatus was constructed, and specimens with 
various metallurgical conditions and surface treat-
ments were tested for 6 days at 35° C, with 
aeration. 
RI 5946. The Performance and Operating Charac-
teristics of an Image Furnace Having 60-Inch 
Double Paraboidal Mirrors, by Edwin E. Maust, Jr., 
and Wilbert E. Warnke. 1962. 48 pp. 6 figs. In· 
dicates the limitations and characteristics of the 
furnace. Considers the quantitative determination 
of the energy available at the image, the control 
of this energy by a 60-inch iris diaphragm, and its 
variation with position and time relative to the heat 
source 
RI. 5947. Tests of .Additives To Control Soot Depo-
sitionin Oil-Fired Boilers, by' G. L. Hopps,A. A. 
Berk, and J. F .. Barkley. 1962. 19 pp. 4 figs. 
Various chemicals, including compounds of copper 
and lead, were added to a mixture of No.2 and 
No.6 fuel oils that was fired in an experimental 
furnace. Tests were made to. determine the effec-
tiveness of these chemicals in removing soot de-
posits on probes devised to stimulate heat-transfer 
surfaces in boilers and the effectiveness of the 
chemicals in preventing the deposition of soot on 
the probe surface. 
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RI 5948. Mount Eddy and Shasta View Asbestos 
Deposits, Siskiyou Oounty, Calif., by Kevin Malone, 
W. T. Benson, and A. L. Engel ... 1962. 29 pp. 9 
figs. Gives drill-log data for core drills from four 
drill holes on the Mount Eddy property and two 
drill holes ()n the Shasta View property. Results 
of mineral-dressing tests, pilot plant test for re-
covery or asbesto~, and a summary of cost of the 
investigation are included. 
RI 5949. Effects of Hafnium Additions on Proper-
ties of Vanadium, by R. L. Lincoln and H. Kato. 
1962. . 17 pp. 2 figs. Additions of small amounts 
of hafnium resulted in lessened as-cast hardness, 
decreased electrical resistivity, impaired rollability, 
increased oxidation resistance, and greater tensile 
strength. Larger amounts of hafnium caused 
greater as-cast hardness, increased electrical resis-
tivity, fUrther impaired rollability, a continued 
increase in oxidation resistance, and lessened 
tensile strength. 
RI 5950. Bituminous Coal Deposits of the Mata-
. nuska Coalfield, Alaska: Central and Western 
Parts, Wishbone District, by Robert S. Warfield. 
1962. 190 pp. 11 figs. Describes the program con-
ducted by the Bureau from 1949 through 1958. 
This study proved the existence of the Jonesville 
coal group in the vicinity of the Buffalo mine, 
provided additional information on the synclinal 
structure (including a more accurate location of 
the axis), and determined the character and quality 
of the coal over a much larger area than previous-
ly explored. 
RI 5951. Chemical Reactions in the Electric Arc: 
Reactive Metal Carbides, by E. D. Calvert, M. M. 
Kirk, and R. A. Beall. 1962. 13 pp; 7 figs. Ex-
amines the preparation of refractory metal carbides 
in the controlled atmosphere electric-arc fUrnace. 
Describes a new technique for producing pure 
carbides which uses the intense heat of the arc to 
volatilize the carbides. 
RI 5952. Computing Ore Reserves by the Polygonal 
Method Using a Medium-Size Digital Computer, by 
Richard F. Hewlett. 1962. 31 pp. 12 figs. De-
scribes a program, which is limited to using vertical 
drill-hole data, that computes ore reserves for a 
low-grade deposit. Modifications needed for com-
puting other types of deposits are explained. 
RI 5953. Flotation of Titanium Minerals From the 
Roseland Anorthosite, Near Roseland, Nelson Coun-
ty, Va., by V. F. Swanson and J. E. Sheiton. 1962. 
21 pp. 5 figs. Samples of altered rock (saprolite) 
and unaltered rock were tested for amenability to 
beneficiation by flotation. The study showed that 
it is possible to produce a bulk concentrate of mixed 
titanium minerals (ilmenite, rutile, leucoxene, and 
sphene) from the Roseland anorthosite. 
RI 5954. Low-Temperature Beat Capacities and 
Entropies at 298.15° K. of Three Calcium Vana-
dates, by E. G. King and W. W. Weller. 1961. 
6 pp. 1 fig. Gives analogous data for calcium 
metavanadate (CaV20 0 ), calcium pyrovanadate 
(Ca2V207), and calcium orthovanadate (CaaV20 S). 
RI 5955. A Study of Copper Reverberatory Slags 
From White Pine, Mich., by L. M. Irwin, R. E. 
Lubker, and R. A. Marsyla. 1962. 23 pp. 19 figs. 
Slag fluidity and refractive indices varied directly 
with the iron content and inversely with silica, lime, 
and alumina. There was no apparent correlation 
between slag fluidity and its copper content. 
tRI 5956. Operating a Pressure-Gasification Pilot 
Plant Using Pulverized Coal and Oxygen: Effect of 
Heat Loss on Economy, ,by J. H. Holden, K. D. 
Plants, G. R. Strimbeck, and L. F. Willmott. 1962. 
32 PP. 15 figs. Indicates the direction and magni-
tude of the changes to be expected in the dependent 
variables of the pressure-gasification process when 
any of several interdependent factors such as pres-
sure, coal-feed rate, oxygen-to-coal ratio, steam-to-
coal ratio, and heat loss is varied; 
RI 5957. Effects of Impurities on Sintered Mullite, 
by M. E. Tyrrell. 1962. 15 pp. 8 figs. To promote 
greater use of abundant domestic raw materials in 
manufacturing synthetic mullite, the Bureau· has 
investigated the effects of the impurity oxides 
Ti02, Fe203, and alkali on physical properties of 
sintered mullite-forming mixtures. Laboratory re-
BUlts indicate that refractories of sintered mullite 
based on domestic siliceous 'bauxite may be sub-
stituted for imported kyanite with little or no 
sacrifice in performance. 
RI 5958. Bureau of Mines Coal-Fired Gas Turbine 
Research Project: Redesign and Assembly of Tur-
bine, by J. P. McGee, J. Smith, R. W. Cargill, and 
D. C. Strimbeck. 1962. 19 pp. 21 figs. Describes 
redesigning of the turbine blading by the Bureau 
of Mines in an effort to solve the problem of blade 
erosion and the progress made by the Bureau in 
assembling a coal-fired gas turbine plant at Morgan-
town, W. Va. Work done in cooperation with 
Bituminous Coal Research, Inc. 
RI 5959. Electrorefining Beryllium. Studies of 
Operating Variables, by M. M. Wong, R. E. Camp-
bell, and D. H. Baker, Jr. 1962. 14 pp. 4 figs. 
Presents a study of the electrorefining of berillium 
in electrolytes composed of LiCI-KCl eutectic mix-
ture plus varying amounts of BeCh. Results 
showed a 99-percent or better reduction of oxygen 
and magnesium and a substantial reduction of other 
minor metallic impurities. 
RI 596{). Precipitation and Electrodeposition of 
Mercury in Caustic Solutions, by J. W. Town, R. 
F. Link. and W. A. Stickney. 1962. 19 pp. 1 fig. 
Summarizes the results of laboratory investigations 
of the recovery of mercury from caustic sulfide 
solutions by aluminum precipitation and electro-
deposition. Statistical methods were used to design 
the experiments and to evaluate the resulting data. 
RI 5961. Behavior of Clays Associated With Low-
Rank Coals in Coal-Cleaning Processes, by H. F. 
Yancey and M. R. Geer. 1962. 10 pp. 2 figs. The 
pronounced tendencies of these clays to disintegrate 
in water,to form plastic masses, and to swell with 
resulting decrease in density have definite implica-
tions for the design and operation of preparation 
plants. First, water classification will be difficult 
and costly, involving extra filter capacity or settling 
ponds. Second, this clay cannot be removed in 
waShing as completely as the usual shales. Third, 
the jig offers certain advantages. 
RI 5962. Titaniferous Magnetite Deposits, Los .An-
geles County, Calif., by W. T. Benson, A. L. Engel, 
and H. J. Heinen. 1962. 40 pp. 16 figs. Discusses 
field work undertaken in 1956-58 to determine the 
extent and character of the deposits in the western 
t Out of print. 
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San Gabriel Mountains. Summarizes earlier work 
in the area by the Bureau an(l, others. 
RI 5963. Experiments in Purifying Solutions From 
Lime-Sintered Beryl Concentrates, by J. M. Riley. 
1962. 10 pp. 1 fig. Summarizes experiments in 
purifying sulfate leach liquors prepared from low-
tenor beryl concentrates by modifying the Degussa 
process. These experiments emphasized the prob-
lems inherent .in purifying grossly contaminated 
beryllium leach liquor, but. they did not delineate 
feasible means for surmounting the difficulties. 
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RI 5964. High-Temperature Heat Contents 9~nd En-
tropies of Zirconium Fluoride and Zirconium Sul-
fate, by D. F. Smith, W. C. Miller, arid A. R. Taylor, 
Jr. 1962. 3 :pp. 1 fig. Reports experimenta,l heat 
content values determined for these two zirconium 
salts between 273 0 and 1,200° K. No crystalline 
transformations were found in the two compounds, 
and neither melted over the temperature range 
studied. Work done in cooperation with the Uni-
versity of Alabama. 
RI 5965. Heats and Free Energies of Formation of 
Gallium Sesquioxide and Scandium Sesquioxide, by 
AlIa D. Mah. 1962. 6 pp. Reports newly deter-
mined values of the heats of formation at 298.15 0 
K ('Obtained by comlbustion calorimetry) and the 
corresponding free energies of formation ( derived 
from heat and entropy data). 
RI 5966. Fluorescent X-Ray Spectrography: Deter-
mination of Trace Elements, by William J. Camp-
bell and John W. Thatcher. 1962. 29 pp. 5 figs. 
Considers the status of this technique in studies 
involving trace elements. Fluorescent X-ray spec-
trography can be used to obtain absolute values 
(by preparation of standard samples) or relative 
values based on standards analyzed by other 
means. Since X-ray techniques are nondestructive,. 
both standards and unknowns are conserved for use 
in other evaluation procedures. 
RI 5967. Thermodynamic Properties of Strontium 
Bromide and Strontium Nitrate, by A. R. Taylor, 
Jr., and D. F. Smith. 1962. 12 pp. 2 figs. The 
heat capacities of these two alkaline earth com-
pounds were measured between 60° and 300° K 
in an .adiabatic calorimeter and between 300° and 
1,200° K in a Bunsen ice calorimeter. The result-
ing data were extrapolated to 0° K, 'and smooth 
values of heat capacity, entropy, enthalpy function, 
and free energy function were calculated and 
tabulated at 10-degree intervals. Work done in 
cooperation with the University of Alabama. 
RI 5968. Review of Criteria for Estimating Damage 
to Residences From Blasting Vibrations, by Wilbur 
I. Duvall and David E. Fogelson. 1962. 19 pp. 6 
figs. Advocates that consideration should be given 
to the measurement of particle velocity versus time 
rather than to disp!acement or acceleration. Rec-
ommends that vibration levels near residential 
structures be maintained below a peak particle 
velocity of 2 inches per second. 
RI 5969. Radiation Hazards Encountered in Arc 
Melting Thorium, by R. R. Lowery. 1962. 22 pp. 11 
figs. A general air-sampling analysis was made to 
determine the separation, concentration, and dis-
tribution of thorium daughter products throughout 
arc-melting, machining, and forging processes of a 
thorium-handling fa'Cility. Lists precautions neces-
sa'ry when arc· melting thorium. Work done -in >co-
operation with the U.S .. Atomic Energy Commi'8'sion. 
RI 5970. A Computer Program for Calculating 
Coordinates and Elevations of Survey Stations 
Located by Intersection, by F. L. Wideman and T. 
E. Caldwell. 1962. 37 pp. 6 figs. Describes a 
computer program used to calculate coordi;na tes and 
elevations of subsidence survey pins located by in-
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tersection. Includes a description of the survey, 
an explanation of the computer program, a brief 
discussion of possible applications of the program, 
and the complete coded program. 
RI 5971. Explosibility of Dusts Used in the Plastics 
Industry, by Murray Jacobson, John Nagy, and 
Austin R. Cooper. 1962. 30 pp. 1 fig. Considers 
the dust-explosion hazard in air of materials used 
in the plastics industry. Information, based on 
studies of 313 samples, is given on ignition tempera-
ture of dust clouds and layers, minimum explosive 
concentration, minimum energy required for ig-
nition, explosion pressure and rates of pressure 
rise, and amount of inert dust required to prevent 
ignition and flame propagation. (See also RI 5753, 
6516, and 6597.) 
RI 5972. Heats and Free Energies of Formation 
of Antimony Sesquioxide and Tetroxide, by Alia D. 
Mah. 1962. 5 pp. Gives heats of formation ob-
tained by combustion-bomb calorimetry and free 
energies of formation obtained by combination of 
heat and entropy data. The new values are be-
lieve.d to substantially improve the accuracy of 
thermodynamic considerations involving these 
oxides. 
RI 5973 .. Heats of Formation of Sodium Molybdates 
and Tungstates, by Mary F. Koehler, L. B. Pan-
kratz, and R. Barany. 1962. 13 pp. Contains 
values of the heats of formation of two sodium 
molybdates-sodium monomolybdate and sodium 
dimolybdate-and three sodium tungstates-so-
dium monotungstate, sodium ditungstate, and so-
dium tetratungstate. The experimental method 
was solution calorimetry. The solution medium was 
sodium hydroxide solution, except that hydrofluoric 
acid solution was used for sodium tetratungstate. 
RI 5974. Concentration, Calibration, and Operation 
of a Low-Temperature Adibatic Calorimeter, by A. 
R. Taylor, Jr., and D. F. Smith. 1962. 17 pp. 1 
fig. Describes a calorimeter for measuring heat 
capacities of solids or liquids from 60° to 300° K. 
Briefly considers the basic theory of chemical 
thermodynamics and the problems involved in ob-
taining accurate experimental data. Work done in 
cooperation with the University of Alabama. 
RI 5975. Some Properties of Vanadium, by R. 
Lincoln, G. Asai, and H. Kato. 1962. 33 pp. 3 
figs. A surplus of vanadium has resulted from the 
tremendous output of uranium, of which vanadium 
is a byproduct, but the metal's physical and me-
chanical properties must be better understood before 
its utilization can be substantially increased. This 
report considers some of these properties. 
RI 5976. Determination of Alcohols by Their Tri-
methylsilyl Ethers, by Charles Zahn, A. G. Sharkey, 
.Jr., and Irving Wender. 1962. 33 pp. 3 figs. Reviews 
Bureau investigations of the mass 'spectrometric 
and gas-liquid chromatographic behavior of tri-
methylsilyl ethers, the development of methods for 
analyzing alcohols by their trimethylsilyl ethers, 
and the preparation and properties of the tri-
methylsilyl ethers of alcohOls. 
RI 5977. Removing Methane (Degasification) From 
the Pittsburgh Coalbed in Northern West Virginia, 
by W. M. Merritts, W. N. Poundstone, and B. A. 
Light. 1962. 39 'pp. 22 figs. Describes the equipment, 
procedure, and results of an experiment in remov-
ing methane before and during mining. 
RI. 5978. Borehole Deformation Gage for Deter-
mining the Stress in Mine Rock, by Leonard Obert, 
Robert H. Merrill, and Thomas A. Morgan. 1962. 
11 pp. 5 figs. Describes a gage that will measure 
the borehole deformation resulting from strain 
relief. Use of the borehole deformation data will 
permit the calculation of the magnitude and direc-
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ti-on of the principal stresses in a plane normal to 
the axis of the borehole. The design considerations, 
mechanical construction, sensitivity, and stability 
of the gage are discussed. 
RI 5979. Corrosion Study of the Hot-Carbonate 
System, by D. Bienstock, J. H. Field, and J. G. 
Myers. 1962. 20 pp. 7 figs. Indicates the corro-
sion rates of steel in bOiling solutions of potassium 
carbonate saturated with carbon dioxide and hy-
drogen sulfide. Examines the effectiveness of 
various inhibitors. 
RI 5980. Use of Radioactive Tracers in Beryllium 
Extractive Metallurgy Research, by A. M. Poston, 
Jr., J. V. Batty, and H. L. Gibbs. 1962. 10 pp. 
Discusses the problems encountered and resolved 
in using radioactive tracers and radiometric meth-
ods, defines the- conditions and techniques for their 
effective use, and delineates the limitations and 
flexibility inherent in applying such methods in 
laboratory-scale beryllium research. 
RI 5m31. Melting Temperatures of Fluormicas and 
Related Compounds, by John K. Alley and H. R. 
Shell. 1962. 32 pp. 4 figs. The melting tem-
per.ature of fluorphlogopite was found to be be-
tween 1,382° and 1,3840 C. This temperature was 
determined by studying single crystals, the. heat-
ing behavior of glass of fluorphlogopite composi-
tion, and the crystallization of fluorphlogopite from 
a melt that had been heated above 1,4300 C. 
RI 5982. 'Thermal Expansion and Phase Inv'ersion 
of Six Refractory Oxides, by Clark F. Grain and 
William J. Campbell. 1962. 21 pp. 10 figs. Con-
siders thermal expansion and phase inversion 
measurements, obtained by high-temperatl1~ X-ray 
diifractometry, on the principal oxides of beryllium, 
calcium, titanium, zirconium, hafnium, and thorium. 
All are high-purity commercially available oxides. 
RI 5983. Chlorination of Titaniferous Slags: A 
Study of the Moving Bed Technique, by E. C. Per~ 
kins, H. Dolezal, H. Leitch, and R. S. Lang. 1962. 
17 pp. 4 figs. Discusses the feasibility of produc-
ing titanium tetrachloride by chlorinating titanifer-
ous 'Slags produced from domestic depoSits. 
RI 5984. Low-Temperature Heat Capacity and En-
tropy at 298.15° K. of Scandium, by W. W. Weller 
and K. K. Kelley. 1962. 3 lip. 1 fig. Reports 
heat capacity data for scandium metal between 
50° and 298° K and ,the entropy v·alue at 298.15° K. 
RI 5985. Pulse-Forming Circuitry for' Explosives 
Research, by M. L. Bowser and F. C. Gibson. 1962. 
8 pp. 10 figs. Covers ionization probes, counter-
chronograph input circuitry, multiple-channel pulse 
generator for rate of propagation measurements 
using oscilloscope recording, and use of the mUl-
tiple-channel pulse generator. 
RI 5986. Reconnaissance Studies of Alaskan Beach 
Sands, Eastern Gulf of Alaska, by Bruce I. Thomas 
and Robert V. Berryhill. 1962. 38 pp. 13 figs. 
Includes analyses of sauds from 201 auger-hole 
and 33 shovel samples collected along 247 miles of 
Gulf of Alaska coast between Kiklukh River and 
Icy Point. 
RI 5987. Columbium-Vanadium Binary Alloys for 
High-Temperature Service, by H. R. Babitzke, G. 
Asai, and H. Kato. 1962. 18 pp. 10 figs. Covers 
tests of 13 different columbium-vanadium alloys to 
develop one for use at high temperatures and for 
nuclear applications. 
RI 5988. Underground Blasting Accident Involv-
ing an Air-Placed Ammonium Nitrate-Fuel Oil 
Mixture, by R. W. Van Dolah' G. M. Kintz, and 
W. Marion Baker. 1962. 13 pp. 3 figs. Reports 
on the premature detonation of an explosive charge 
in an underground salt mine in Louisiana in 
January 1961. The fatality that resulted was the 
first to be reported to the Bureau in connection with 
the use of ammonium nitrate-fuel oil blasUng 
agents in underground mines in the United States. 
RI 5989. Effects of Selected Operating Variables 
on Continuous-Cell Flotation of' Coal: A Laboratory 
Stud~, by J. B. Gayle and W. H. Eddy. 1962 .. 18 
pp. 8 figs. The variables considered include 
particle size of the feed, composition of the feed, 
percentage of solids in the feed, emulsifying re-
agents, feed rate, cell depth, impeller speed, and 
the gas used for aeration. 
RI 5990. Chemical and Galvanic Corrosion Prop-
erties of High-Purity Vanadium, by Charles B. 
Kenahan, David Schlain, and Walter L. Acher-
man. 1962. 22 pp. 10 figs. Presents data on 
chemical and galvanic corrosion properties of ·high-· 
purity vanadium in substitute ocean water, tap-
water, 3-percent sodium chloride and 10-percent 
s-odium hydroxide solutions, 20-percent ferric chlo-
ride and cupric chloride solutions, and various 
other organic and inorganic acids. 
RI 5991. Investigation of Mercury-Antimony De-
posits Near Flat, Yukon River Region, Alaska, by 
R. P. Maloney. 1962. 44 pp. 8 figs. Describes 
an investigation of mercury-antimony deposits in 
the Iditar-od mining district. Bedrock was ex-
posed in over 10,000 linear feet of bulldozer trenches 
from which 83 channel samples were taken; 307 
soil samples were taken over selected areas. Sum-
marizes surface. and trench-sampling data and 
gives logs of 33 trenches. 
RI 5992. Flammability and Autoignition of Hydro-' 
carbon Fuels Under Static and Dynamic Condi~ 
tions, by Joseph M. Kuchta, Sotirios Lambiris, and 
Michael G. Zabetakis. 1962. 21 pp. 10 figs. Gives 
limits of :flammability and autoignition temperatures 
of 12 hydrocarbon fuels that can be used to predict 
fire and explosion hazards associated with the use 
of these fuels. 
RI 5993. Purification of Electrolytes for the Dep-osi: 
tion of High-Purit:y:, Nickel, by J. G. Donaldson, K. 
K. Kershner, and W. L. Falke. 1962. 13pp. 4 
figs. Describes the deposition of high-purity nickel 
from electrolytes purified by passing a nickel am-
mine solution through a column. of an i-on-e:xchange 
resin .. Results of experiments to purify solid nickel 
salts by some refining are also reported .. 
RI 5994. Effect of Ionizing Radiation on the Chlo-
rination of Mixtures -of Rutile, Carbon, and Various 
Catalysts, by A. A. Cochran and P. W. Martin. 
1962. 24 pp. 8 figs. Describes theoretic.al and 
practical aspects of using ionizing radiation to 
promote chemical reactions that are of interest to 
metallurgists, including a Tadiation study olf a 
suitable reaction. 
RI 5995. 'rhe Frequency Spectrum of a Square 
Lattice, by R. Barany. 1962. 27 pp. 5 figs. Closed 
expressi-ons are obtained for the frequency spec-
trum of a Born-Karman square lattice in terms of 
elliptic and hyperelliptic integrals. 
RI 5996. Gasification of Coal by Hot Recycled 
Helium in a Laboraitory-Scale. Exchanger-Type 
Gasifier, by R. L. Gall, R. F. Stewart, and J. P. 
McGee. 1962. 17 pp. 13 figs. Describes Bureau 
experiments in gaSifying preheated coal in a helium-
heated tube-coil reactor. 
RI 5997. Methods for Producing Alumina From 
Clay: An Evaluation of the Sulfur-ous Acid-Caustic 
Purification Process, by Frank A. Peters, Paul W. 
Johnson, and Ralph C. Kirby. 1962. 21 pp. 6 
figs. First of a series concerning various known 
methods' of extracting alumina from low-grade 
aluminous materials which was undertaken to per-
mit comparison with -other processes. Evaluates 
the sulfurous acid method and estimates the cost 
of producing crude alumina. 
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RI 5998. Electr-orefining of Selected Titanium Ter-
nary Alloys, by J. R. Nettle, T. E. Hill, Jr., and D. 
H. Baker, Jr. 1962. 14 pp. 1 fig. Presents data 
on the transfer characteristics of 10 alloys com-
posed of 95 percent titanium plus 2.5 weight-percent 
each of two all-oying elements. 
RI 5999. Changes in Stress Concentration Created 
by Undercutting in Block CaVing, by Robert H. 
Merrill. 1962. 14 pp. 8 figs. Summarizes one 
phase of tp,e investigation of design methods for 
size and shape of mine openings used in block-
ca ving mining methods. 
RI 6000. The SUSpended Specimen Method for 
Determining the Rate -of Steam-Carbon Reaction, 
by W. T. Abel and J. H. HOlden. 1962. 22 pp. 
14 figs. Gives data on the rate of steam-carbon 
reaction determined by passing steam over graphite 
speCimens suspended in an electrically heated tube 
at 1,9000 to 2,400 0 F and at steam-feed rates of 
0.1 to 0.2 mole of steam per mole of carbon per 
minute. 
RI 6001. Low-Temperature Heat Capacity and En-
tropy at 298.150 K. of Red Mercuric Sulfide, by 
E. G. King and W. W. Weller. 1962. 4 pp. 1 
fig. Presents data obtained at a Bureau lab-oratory 
of the measurements of the low-temperature heat 
capacity of red mercuric sulfide and the entropy 
value alt 298.15 0 K derived therefrom. 
RI 6002. Some Nonmetallic Mineral Resources for 
Alaska's Construction Industry, by R. S. Warfield. 
1962. 25 pp. 10 figs. Satisfactory. lightweight 
aggregate, mineral wool, and cement were produced 
from samples of limestone and shale deposits adja-
cent to the Alaska Railroad. Research is part of 
Bureau program to assist in stabiIiz;ing Alaskan 
economy by developing local resources. 
RI 6003. Metallurgical Testing of Hawaiian Fer-
ruginous Bauxites, byW. A. Calhoun and T. E. 
Hill, Jr. 1962. 43 pp. 17 figs. Samples of Hawaii-
an bauxite from the islands of Kauai,' Maui, and 
Hawaii were tested to determine if alumina c-ould 
be extracted. Results were encouraging. 
RI 6004. RadiOisotopes as Tracers in Volatilization 
Studies of Selenium and Tellurium, by J. V. Batty, 
A. M. Poston, Jr.. and H. L. Gibbs. 1962. 9 pp. 
2 figs. Radioisotopes of . selenium and tellurium 
were successfully. employed by. the Bureau as 
tracers in metallurgical research on volatilizing 
these elements from low-tenor raw materials. 
RI 6005. Methods for Determining Microquantities 
of Impurities in Tungsten, by J. G. -Haymes and 
Albert Ollar.. 1962. 22 pp. Evaluates spectro-
photometric, spectrographic, polarographic, con-
ductometric, and vacuum-fusion methods for quan-
titatively determining impurities in high-purity 
tungsten. 
RI 6006. Field Test for Tellurium and SeleniUm, 
by Philip E. Niebuhr and Allan H. Macmillan. 
1962. 6 pp. Procedure is given for a field test for 
tellurium and selenium that can be performed by 
nonanalytical personnel. If test material is taken 
from same sample, a fair estimate of the amount 
of each of the two elements present can be made. 
Material that also contains carbon, tannins, organic 
compounds of iron, .and mercury can be success-
fully tested by this means. 15 cents. 
RI 6007. Carb-on Formation in Very Rich Hydro-
carbon-Air Flames, by Joseph M. Singer and 
Joseph Grl1mer. 1962. 80 pp. 36 figs. Gives 
results of studies, based on tests with ethylene and 
propane, made to identify the smoke limits of 
gaseous fuel-air mixtures and to evaluate basic 
chemical information on the formation of smoke 
in very rich :flames near the smoke limit. Work 
done in cooperation with the American Gas As-
sociation. 
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RI 6008. Low-Temper~tul"e Phase Equilibria of 
Helium-Bearing Natural Gases: Exell Gas, by W. 
J. Boone, Jr., Will E. DeVaney, and John E. Miller. 
·1962. 20 pp. 14 figs. Gives phase-equilibrium 
data obtained for conditions from -50 0 to -275 0 
F and 100 to 500 pSia. 
RI 6009. Oalibrati-on Studies of Three Portable 
Seismographs, by David E. Fogelson and Oharles 
F. Johnson. 1962. 21 pp. 21 figs. Gives results 
of calibration on a shaking table of three different 
makes of portable displacement seismographs. 
RI 6010. Pyrometallurgical Beneficiation of Off-
grade Ohromite and Production -of Ferrochromium, 
By Willard L. Hunter and Lloyd H. Banning. 1962. 
16 pp. 1 fig. The chromium-iron ratio of offgrade 
chromite can be improved to more than 3 :1, either 
by selective reduction in an electric furnace or by 
chlorination. Chromium rec-overies were about 85 
percent with selective redl;J.ction smelting and over 
90 percent with the chlorination method. Satis-
factory high-carbon ferrochromium was smelted 
from the products af each type of beneficiation. 
RI 6011.· Disposal of Radioactive Waste in the 
Vitro-Type Uranium Milling Flowsheet, by K. E. 
Tame, E. G. Valdez, and J. B. Rosenbaum. 1962. 
10 PP. 1 fig. Second of a series, report shows that 
reuse of barren raffinate in the mill circuit appears 
feasible, resulting in a 75-percent reduction in the 
discard of dissolved radionuclides. RI 5874. 
6045, and 611'4 describe radioactive waste disposai 
by the Durango-, Shiprock-, and resin-in-pulp-type . 
processes. 
RI 6012. Small-Scale Blasting in Mortar, by J. 
Burlin Johnson. 1962. 22 pp. 16 figs. Gives data on 
results of small-scale blasting experiments in the 
Bureau laboratory that indicate that results ob-
tained should be useful in predicting large-scale 
blasting effects. 
tRI 6013. Inyo Beryl Deposit, lnyo County, Calif., 
by W. T. Benson. 1962. 8 pp. 2 figs. Describes 
investigation of a beryl deposit near Lone Pine, 
Calif., in which 207 samples were taken from 1,100 
feet of trenches. 
RI 6014. Composition and Mechanical Properties 
of Selected Cold-Mold and Skull-Cast Titanium 
Alloys, by E. D. Calvert, P. O. Magnusson, M. D. 
Carver, and R. A. Beall. 1962. 26 pp. 22 ,figs . 
. Physical properties -of four titanium-base alloys 
melted and forged under varying conditions were 
examined for variations in the resulting products. 
RI 6015. Fire and Explosion in a Blasting kgent 
Mix Building, Norton, Va., by Robert W. Van Dolah 
and Joseph S. Malesky. 1962. 12 pp. 8 figs. On 
December 27, 1961, a fire and explosion destroyed 
the blasting agent mixing plant and .9.n attached 
storage barn of the Whitaker-Atlas Supply Co., 
near Norton, Wise County, Va. This incident is 
noteworthy because of the widespread practice· of 
mixing fuel oil with ammonium nitrate. to prepare 
low.-cost blasting agents, often under conditions 
similar to those presented in this publication. 
RI 6016. A Preferential Stain for Beryl, by Sarkis 
G. Ampian. 1962. 4 pp. Describes method for 
identifying fine particles of beryl by preferential 
staining. Sample is subjected to a heated sodium 
hydroxide solution to etch the beryl particles which 
. are subsequently stained an intense blue color in 
boiling alkaline solution of quinalizarin. 
RI 6017. Washability of Coals From the Mata-
nuska Valley and Beluga River Fields, Alaska, by 
M. R. Geer and F. D. Fennessy. 1962. 33 pp. 
Contains all available washabality data on the 
coals of the.se two fields. Indicates the quality of 
t Out of print. 
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coalS! that can be supplied and the proper prepara-
ti-on techniques. 
RI 6018. Lead-SHver Deposits in .the Omilak Area, 
Seward Peninsula, Alaska, by John J. Mulligan. 
1962. 44 pp. 13 figs. Lead-silver deposits on the 
western slopes of the Darby Mountains were in-
vestigated as part of the Department -of the In- ' 
terior's continuing program for the development 
of 'Alaska's resources. Gives results of trenching 
and diamond-drill-hole data. 
RI 6019. .A,n Experimental Mine-Sampling Project 
Designed for Statistical Analysis, by Scott W. 
Hazen, Jr., and R. D. Berkenkotter. 1962. 111 
pp. 31 figs. Describes an experimental, under-
ground, didamond-drill sampling project, deSigned 
specifically for statistical analysis. One of a 
series· of stUdies on application of statistical meth-
ods to mine and mineral sampling. Work done in 
c-ooperation with Climax Molybenum 00., Division 
of· American Metals-Climax, Inc. 
RI 6020., Electron Micrographs of Some Unusual 
Inorganic Fibers, by Charles W. Huggins. 1962. 
27 pp. 20 figs. Presents a series of electron micro-
graphs showing the important morphological dif-
ferences eXhibited by potassium-lead silicate, lead-
aluminum silicate, chrysotile, wollastonite, silicon 
nitride, potassium titanate, cobalt chrysotile, mag-
nesio-tluor-richterite, tluor-richterite, refractory 
oxide fiber, silicon carbide. massive serpentine, and 
palygorski teo 
RI 6021. Relative Activity of Impregnated and 
Mixed Molybdenum Catalysts for Coal Hydr-ogena-
tion, by M. D. Schlesinger, L. V. Frank, and R. 
W. Hiteshue. 1962. 12 pp. 5 figs. Presents, ex-
perimental data to show that when a vehicle oil 
produced from coal is present, coal is hydrogenated 
to the saI1J.e high conversion whether molylldenum 
catalyst is impregnated on the coal or intimately 
mixed with the slurry. Hydrogenation conditions 
were in the range of 8,500 to 10,000 psi and 400 0 
to 5'000 C. 
RI 6022. Hydrogenation of Irradiated Coal, by 
Paul S. Lewis, Walter Kawa, and Raymond W. 
Hiteshue. 1962. 12 pp. 1 fig. Discusses results 
of hydrogenating coals of different ranks that had 
been irradiated with either X-rays or gamma rays. 
Comparison with unirradiated specimens showed that 
the radiation had no beneficial effect on the coals. 
RI 6023. Removing Hydrogen Sulfide From Syn-
thesis Gas With Iron Oxide at Elevated Pressure, 
by G. E. Johnson. J. H. Field, W. A. Decker, and 
R. M. Jimeson. 1962. 27 pp. 16 figs. Describes 
how purification of synthesis gasl using wood chips 
impregnated with iron oxide can reduce the hy-
drogen sulfide content below the limits of 0.02 and 
0.10 grain per 100 cubic feet for nickel methanation 
and Fischer-Tropsch catalyst, respectively. Operat-
ing pressures and temperatures, bed depth, and 
moisture content of the impregnated wood shavings 
are important factors in the design and operation 
of iron oxide units for purifying gas. 
Rl 6024. Reconnaissance of Titanium Resources 
on Ship Island, Harrison Oounty, Miss., by A. D. 
Hahn. 1962. 24 pp. 7 figs. Describes investiga-
tion of ilmenite, rutile, and associated heavy-min-
eral content of black-sand-bearing beach sands of 
Ship Island in the Gulf of Mexico. Western part 
of the island is a potential source of titanium. 
RI 6025. Experimental Production of Lightweight 
Basic Refractories, by M. E. Tyrrell. 1962. 16 pp. 
5 figs. Describes development of lightweight ba8ic 
refractories suitable for use in some section of the 
all-basic furnace. Potential advantages of such 
refractories are lower weight, impr-oved resistance 
to thermal shock, and less tendency to spall off the 
working face. 
RI 6026. Calibration Study .o;f a Peak-Reading 
Accelerograph, by Alfred V. C. Meyer and Wilbur 
I. Duvall. 1962. 6 pp. 6 figs. Describes calibra-
tion study of a portable seismograph on the Bureau's 
shaking table, conducted as part of the research 
program .on vibrations from quarry blasting. In-
strument provides a meter reading and permanent 
record to enable operator to keep blasting vibra-
tions within safe limits. 
RI 6027. Hydrogenation of Coq.l to Gaseous Hydro-
carbons, by Raymond W. IIiteshue, Sam Friedm.an, 
and Robert Madden. 1962. 25 pp. 13 figs. De-
scribes experiments conducted at temperatures .of 
".1:8'0° to 800° C and hydrogen pressure of 6,000 psig 
to determine the effect of coal residence time Oll 
the conVersion of a high-volatile bituminous C coal 
to liquid and gaseous products, using a semicon-
tinu.ous apparatus designed for rapid heating and 
cooling of reactants. 
RI 6028. Ice Calorimeter for the Precise Measure-
ment of Heat Content From 0° to 1,500° K., by 
J. R. Welty and C. E. Wicks. 1962. 13 pp. 4 figs. 
Describes a high-temperature calorimeter designed 
and constructed by the Bureau in cooperation with 
Oregon State University. Accurate heat content 
data may be obtained for elements and c.ompounds. 
RI 6029. Pyrolysis of Five Salts of Yttrium, Lan-
thanum, and Cerium, by Louis P. Domingues, Roy 
L. Wilfong, and LeRoy R. Furlong. 1962. 19 pp. 
12 figs. Gives the thermogr.avimetric analysis of 
five salts each of yttrium, lanthanum, and cerium. 
The temperature rauged from room temperature to 
1,500° C. . 
RI 6030. Problems in Substituting Titanium . for 
Manganese in Steel, by P. G. Barnard, D. F. Walsh, 
and J. A. Rowland. 1962. 27 pp. 17 figs. Presents 
data that show that titanium has little potential as 
a substitute for manganese in steelmaking. 
NI 6031.· Defluorination of Fluorspar: Preparation 
of Aluminum Fluoride From Siliceous Fluorspar, by 
Henry E. Blake, Jr., and Robert K. Koch. 1962. 17 
pp. 2 figs. Low-grade siliceous flu.orspars can be 
successfully defluorinated, either in a solid or a 
molten state, in a gas-fired rotary kiln by water 
vapor. The water produced by combustion of prow 
pane was sufficient to yield defiuorinations of 75 
to 85 percent. The liberated hydrogen fluoride offgas 
can be recovered as aluminum fluoride. 
RI 6032. Defiuorination of Fluorspar:' Pyrohydrol· 
ysis at 1,500" C., by Robert K. Koch nnd Henry E. 
Blake, 3"1'. 1962. 14 pp. 5 figs. Gives data on 
laboratory-scale studies on defluorination of natura! 
and synthetic flu.orspars made to determine the 
feasibility of developing a process for prodUCing 
hydrogen fluoride from siliceous fluorspars. The re-
action at 1,500° C is not promising for process de-
velopment because an offgas with only 6 percent 
hydr.ogen fluoride .was 'generated. A lower tempera-
ture process is considered a better method' for pro-
ducing hydrogen fluoride. .' 
RI 6033. High-Temperature Heat Contents and En-
tropies of Sesquioxides of Europium, Gadolinium 
Neodymium, Samarium, and yttrium, by L. B: 
Pankratz, E. G. King, and K. K. Kelley. 1962. 18 
pp. 5 figs. Reports the results of high-temperature 
heat content measurements .of the sesquioxides of 
four rare-earth elements-europium gadolinium 
neodymium, and samarium-and of the closely r; 
lated element, yttrium. Includes the original heat 
content data and smooth values, entropy increment 
data above 298.15° K, and equations representing 
the heat content results. Work done in co.operation 
with the Office of Naval Research, U.S. Department 
of the Navy. 
RI 6034. Heats and Free Energies of Formation of 
Germanium Dioxide, by AlIa D. Mah and L. H. 
Reports of Investigations 
Adami. 1962. 7 pp. Reports new experimental 
values of the heats of formation at 298.15° K of the 
hexagonal crystalline variety .of germanium dioxide 
and germanium dioxide glass. These newly meas-
ured data were used with previously known entropy 
and heat content values to obtain heats and free 
energies of formation of germanium dioxide from 
298.15 ° to 2,000 0 K. 
RI 6035. Hydrogen as an Oxidation Retardant in 
Gas-Cooled Systems, by Robert F. Stewart and 
William T. Abel. . 1962. 12 pp. 8 figs. In experi-
mental equipment for gasifying coal with heat 
transferred by helium, oxidation of graphite and 
metals by trace impurities in the coolant helium 
was virtually eliminated by adding 0.1 to 1.0 per-
cent hydrogen. Method has been tested successfully 
on pilot plant scale for 1 year at 250 psig and 
2,400° F. 
RI 6036. Application .of Rapid Methods for Analyz.-
ing Coal Ash and Related Materials, by F. H. Gibson 
and W. H. Ode. 1962. 23 pp. 1 fig. Reviews and 
applies new physicochemical techniques for analyz-
ing coal ash and related materials. The procedures 
include spectrophotometric meth.ods for SiO" A120 3, 
Fe203, Ti02, and P20a; chelatometric titration for 
CaO and MgO; .and flame photometry for Na20 and 
KllO. The methods are rapid and direct, are suit-
able for analyzing a group of samples at the same 
time in production work, and give results with 
almost the same accuracy as classical procedures. 
With these new methods, complete analyses in 
duplicate can be .obtained at a rate of two to three 
times that of conventional methods. 
RI 6037. Studies of Anhydrous Methods for Extract-
ing Beryllium From Low-Grade Ores,by Joan T. 
May and C. L. Hoatson. 1962. 19 pp. Studies show 
that fluorination and carbide-chlorination are prac-
ticable meth.ods for the extraction of beryllium from 
low-grade ores. Treatment of concentrate-carbon 
mixtures with anhydrouB hydrogen fluoride ex-
tracted 99 percent of the beryllium in the concen-
tra te; the soluble fluoride product, converted to an 
oxide, contained 7 percent BeO. . Chlorinati.on of 
beryllium-silicon carbide, prepared from low-grade 
concentrates, extracted beryllium into the volatile 
chloride product. 
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RI 6038. Recovery· of Zinc From Ammoniacal-Am-
monium Sulfate Leach Solutions, by M.artinH. 
Stanczyk and Carl Rampacek. 1962.' 12 pp. 3 figs. 
Investigates tW.o methods-distillation ~and electrol-
ysis-of recovering zinc from zinc-ammonia complex 
solutions. The distillation method recovered about 
.98 percen~ of the zinc in a product analyz,ing 97 
percent zmc. Electrolysis of. the solutions at a 
cathode current density of 25 amp per sq ftylelded 
zinc deposits assaying in excess,of 99.9 pt.!rcent zinc. 
Work done in cooperation with the UnJversity of 
Arizona. . 
RI 6039. Quantitative Determination ot Trace Met-
als in Crude Oils by l(-Ray Sp~ctrography, by O. W. 
Dwiggins, Jr. 1962. 21 pp. 2 figs. Describes the 
development, theory, and application of techniques 
and instruments. f.or quantitatively determining 
nickel, .va;:tadium, and iron in oils, using (l.irect, x-
ray emISSIOn spectrographic methods. The. methods 
developed apply to petroleum and other oils as .well 
as to' some specific fraction of oils. 
RI 6040. Low-Temperature Heat Capacities' and 
Entropies at 298.15° K .. .of Antimony and Indium 
Sulfides, by E. G. King and W. W. Weller. 1962. 5 
pp. 1 fig. Reports low-temperature heat capacity 
measurements and entropy evaluations at 298.15° K 
of antimony sesquisulfide of stoichiometric composi-
tion and of indium sesquisulfide which was some-
what deficient in sulfur. The data tor the latter 
substance were adjusted to corresp.ond to the 
Repo'rts of Investigations 
stoichiometric composition. Indium sesquisulfide 
has a lower entropy at 298.150 K than either anti-
mony sesquisulfide or cerium sesquisul:fi.de, which 
is in line with the higher atomic density of the in-
dium compound. . 
Rl 6041. Oomparative Studies of Explosives in Salt, 
by Harry R. Nicholls and Verne E. Hooker. 1962. 
46 pp. 31 figs. 'Results of an investigation show 
that the ratios of characteristic impedances of ex-
plosive to those of rocks are of primary importance 
in the selection of an explosive for use in a particu-
lar rock type. Explosives having characteristic im-
pedances more closely matching those of the rock 
generate higher peak strain amplitudes, crush more 
rock, and t~ansmit higher percentages of the ex-
plosive energy to the rock. Results also show that 
explosive performance cannot be predicted from the 
standard acoustic impedance equation, thus indicat-
ing that shock wav~ phenomena exist at the bound-
ary between explosive and rock. Investigation was 
supported by U.S. Atomic Ep.ergy Commission. 
RI 6042. Underground Gasification of Coal With 
Oxygen-Enriched Air, 'by J. P. Oapp and K. D. 
Plants. 1962. 14 pp. 7 figs. Describes tests with 
oxygen-enriched air conducted in an Alabama coal-
field. During the best gasification period, which ex-
tended for 27iJ days,780,OOO std cu ft of 124-Btu 
'gas ,was produced. In other periods the heating 
value at times was 'almost 300 Btu per std cu ft, but 
sustained pr9duction of such gas was not achieved. 
Approximately 12 million Btu per foot of nominal 
path w,as recovered at the surface. Work done in 
cooperation with the Alabama Power Co. 
RI 6043. Recovery of Mineral Values in Cupriferous 
and Nickeliferous Pyrrhotite, by Oliver O. Fursman. 
,1962. 24 pp. 3 figs. Describes investigations con-
ducted to determine conditions for recovery of nickel 
:and copper from Funter Bay, Alaska, sul:fi.de ore 
and recovery of nickel from nickel-silicate ore, 
Nickel Mountaip., Riddle, Oreg. Samples of F,unter 
Bay ,cupriferous and nickeliferous pyrrhotite ore 
were treated by benefici~ti:on, roasting, and electric 
smelting of roasted ore for matte ,production, chlo-
rination, leaching; and sulfatizing roasting with 
subsequent leaching. Funter. Bay and Nickel 
, Mountain ores were smelted together to produce 
matte. 
RI 6044. Use of Various salts as Copper-Volatilizing 
Agents in the Segregation Process, by: W. A. McKin-
ney and P. T,. Waddleton. 1962. 7 pp. Results of 
tests show that sodium chloride is the most effective 
volatilizing agent in the segregation of copper from 
crushed oxidized or mixed oxide-sul:fi.de copper ores. 
RI 6045. Radioactive Waste Disposal in the Ship-
rock-Type Ur.anium Milling Flowsheet, by K. E. 
Tame, E. G. Valdez, and J. B. Rosenbaum. 1962. 
9 pp. 2 figs. Third of a series, report shows that 
reuse of raffinate in the Shiprock process appears 
feasible for, obtaining, a 75-percent decrease in the 
contamiriated solution discarded from the mill. RI 
5874, 6011, and 6114 describe radioactive waste dis-
posal by the Durango-, Vitro-, and resi:n-in-pulp-type 
processes. , 
RI 6046 •. Differential Sulfatization of a Georgia 
ManganIferous Iron Ore, by H. P. LeVan and R. B. 
Bauder. 1962. 9 pp. 4 figs. Demonstrates by 
'laboratory research that low-grade Georgia umber 
ore can be differentially sulfatized with sulfur di· 
oxide-air mixtures. The sulfatization reaction 
occurs rapidly and can be carried out in the absence 
of atmospheric oxygen. A high yield of manganese 
sulfate with a good manganese-to-iron ratio can be 
obtained. Work done in cooperation with Univers-
ity of Alabama. 
Rl 60~7. Methods of Analyzing Oilfield Waters: 
Flame-Spectrophotometric Dete~mination of Pot as-
sium, Lithium, Strontium, Barium, and Manganese, 
by A. Gene Collins. 1962. 18 pp. 1 fig. Describes 
details of !Sensitive and accurate flame-spectro-
photometric methods developed for determining 
potassium, lithium, strontium, barium, and manga-
nese present in oil:fi.eld brines. Potassium, lithium, 
and strontium were determined by a standard-addi-
tion technique in ethyl alcohol solutions. Barium 
and manganese were determined in ethyl alcohol 
and normal propyl solutions, respectively, after in-
. terfering substances were removed. 
RI 6048. Flammability in Air of Solvent Mixtures 
ContainiIig Methyl Ethyl Ketone and Tetrahydro-
furan, by Michael G. Zabetakis, John C. Oooper, and 
.AIdo L. Furno. 1962. 14 pp. 8 figs. Gives deter-
mination of lower limits of flammability of a num-
ber of mixtures containing methyl ethyl ketone, 
tetrahydrofuran, toluene, ethyl alcohol, and ethyl 
acetate in dry air at atmospheric pressure and 
temperatures between 16° and 200 0 O. The ex-
perimental values were found to be in good agree-
ment with those predicted by Le Ohatelier's law; 
variations with temperature were in fair agreement 
with those predicted by a modified Burgess-Wheeler 
law. Work done in cooperation with E. I. du Pont 
de Nemours and Co. 
Rl ·6049. Heats and Free Energies of Formation of 
Oalcium and Magnesium Vanadates, by E. G. King, 
Mary F. Koehler, and L. H. Adami. 1962. 11 pp. 
Reports the heats of formation of three calcium 
vanadates and two magnesium vanadates. The 
experimental method was hy~rochloric acid solution 
calorimetry, using calorimetric reaction schemes 
involving the vanadates and their component oxides. 
The results 'were expressed as heats of formation 
from the component oxides and from the elements. 
Oorresponding free energy of formation values were 
calculated. The data show that the calcium and 
magnesium vanadates are stable with respect to 
all possible decompositions in which vanadium re-
mains pentavalent. 
RI 6050. Oxygen Analysis of Mixed Fluoride Salts, 
by J. L. Potter, James E.· Murphy, and Howard H. 
Heady. 1962. 14 pp. 2 figs. Describes an inert-
gas fUsion technique for quantitatively determining 
oxygen in mixed fluoride salts. Also included is 
a thermodynamic and experimental study of re-
action temperatures. 
RI 6051. Explosion Hazards of Diethyl Ether, by 
Michael G. Zabetakis, Marjorie P. Benoy, and 
Patricia M. Gussey. 1962. 16 pp. 5 figs. Discusses 
. conditions under· which spillage of liquid diethyl 
ether could result in flammable vapor':air mixtures, 
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with special reference to hospitals. Work done in 
cooperation with Public Health Service, U.S. Depart-
ment of Health, Education and We1fare. 
RI 6052. Chloridization of Oertain Mineral Sulfides, 
by J. G. Donaldson and K. K. Kershner. 1962. 18 
pp. ' 12 figs. Gives optimum conditions for chloridiz-
ing pyrite, marcaSite, chalcopyrite, arsenopyrite, 
stibnite, and· covellite with chlorine gas. 
RI 6053. Effects of Stress Relief and Other Changes 
in Stress on the Physical Properties of Rock, by 
Leonard Obert. 1962. 8 pp. 9 figs. Presents 
evidence indicating that rock, str,ess-relieved during 
mining or in drilling a core, may be altered or 
damaged to the extent that the physical properties 
of the stress-relieved specimen are not the same as 
those of the in situ rock. 
RI 6054. Performance of Tables in Cleaning Alaska 
Coals, by M. R. Geer, Michael Sokaski, ancl P. S. 
Jacobsen. 1962. 26 pp. 2 figs. Gives results of 12 
performance tests of coal-cleaning equipment in 2 
Alaska plants. The five Alaska coals cleaned repre-
sent a wide range of washability. Work done in 
cooperation with School of Mineral Engineering, 
University of Washington. 
RI 6055. Metallurgical Studies of Rhodonite Ores, 
Silverton District, Colorado (in Three Parts). 1. 
Beneficiation Tests To Produce Manganese Con-
centrates, by W. W. Agey, C. H. Schack, and J. B. 
Clemmer. 16 pp. 12 figs. Describes mineral-
dressing studies on seven samples of different 
grades and types of rhodonite ore. Demonstrates 
that higher recoveries were obtained by dry mag-
netic separation than by gravity or flotation 
methods. Part 2, RI 6062, published in 1962, 
demonstrates the technical feasibility of producing 
silicomanganese from a rhodonitic concentrate by 
electric smelting methods; part 3, RI 6442, pub-
lished in 1964, evaluates the melt-quench-leach 
process for treating the rhodonitic concentrate and 
an electrolytic process for recovery of manganese 
from solution. 
RI 6056. Measuring Changes in Pillar Strain Dur-
ing Pillar Recovery: Experiments in aNew Mexico 
Uranium Mine, by W. L. Dare. 1962. 17 pp. 12 
figs. Summarizes the instrumentation, data, and 
results of a study on changes in magnitude and 
direction of three-dimensional strain in mine pillars 
during final pillar recovery. Work done in co-
operation with the Hidden Splendor Mining Co. 
RI 6057. Transfer of Heat From Helium at High 
Temperatures: Physical Characteristics of Ceramic 
Heat Exchangers, by .John J. S. Sebastian and 
Stanley C. Browning. 1962. 28 pp. 10 figs. In-
vestigates basic problems of operating a ceramic 
heat exchanger at high temperatures. Gives tech-
nical data on transfer of heat from helium to air in 
a single-tube vitreous-alumina heat exchanger. 
Work done in cooperation with U.S. Atomic Energy 
Commission . 
. RI 6058. Safety Characteristics of· Normal Propyl 
Nitrate, by Michael G.Zabetakis, Charles M. Mason, 
and Robert W. Van Dolah. 1962. 26 pp. 15 figs. 
Gives information on limits' of flammability of 
normal propyl nitrate at ambient and elevated 
temperatures and at pressures from 0 to 4,000 psig. 
Measures flame speeds and detonation suscepti-
bility of NPN vapor. Work done in cooperation 
with Bureau of Ordnance, U.S. Department of the 
Navy. 
RI 6059. Washability Characteristics of the Lower 
Hartshorne (Spadra) Coalbed Near Clarksville, 
Ark., by E. R. Palowich and T. E. Gray. 1962. 13 
pp. Gives results of washability tests of both raw 
coal and machine-cut coal from this coalbed. 
RI 6060. Thermal Decomposition of Five Salts of 
Praseodymium, Neodymium, and Samarium, by Roy 
L. Wilfong, Louis P. Domingues.: and LeRoy R. 
Furlong. 1962. 18 pp. 14 figs. Gives data on the 
temperature .limits for the various stages of de-
composition and values for loss on ignition for five 
salts of praseodymium, neodymium, and samarium. 
RI 6061. Resources for Making Expanded Ag-
gregate in Western Washington and Oregon, by 
Henry M.· Harris, Karle G. Strandberg.' and Hal J. 
Kelly. 1962. 41 pp. 8 figs. Gives information on 
suitability as raw material for expanded aggregate 
of low-carbon shales from 65 deposits and 11 sources 
of coal-mine waste. Samples from nine low-carbon 
shale deposits and three coal-mine waste sources 
were selected for more extensive bloating tests 
and for examination of the expanded aggregates in 
concrete shapes. Work done in cooperation with 
School of Mineral Engineering, University of 
Washington. 
RI 6062. Metallurgical Studies of Rhodonite Ores, 
Silverton District, Colorado (in Three Parts). 2. 
Producing Silicomanganese by Electric Furnace 
Reports of Iuvestigations 
Smelting, by H. C. Fuller and V. E. Edlund. 1962. 
12 pp. 1 fig. Demonstrates the technical feasibility 
of producing silicomanganese from a rhodonitic 
concentrate by electric smelting methods. Part .1, 
RI 6055, published in 1962, describes beneficiation 
tests to produce manganese concentrates; part 3, 
RI 6442, published in 1964, evaluates the melt· 
quench-leach process for treating the rhodonitic 
concentrate and an electrolytic process for recov-
ery of manganese from solution. 
RI 6063. Metallurgical Investigations of Philippine 
Nickeliferous Ores, by L. H. Banning, W. E. Anable, 
R. B. Quicho, H. D. Hess, and P. C. Good. 1962. 
71 pp. 23 figs. Gives results of laboratory and 
pilot plant tests undertaken to obtain information 
necessary for the design and operation of a plant 
for recovering metallic values from nickeliferous 
laterite and serpentine of the Philippine Islands. 
Tests included mineralogical studies and prelimi-
nary mineral-dressing tests; electric smelting of the 
ores, upgrading of ferronickel by blowing with oxy-
·gen, smelting laterite slag to produce crude iron, and 
the production of mild steel; and nickel and cobalt 
recovery from upgraded ferronickel. Results indi-
cate that it should be feasible to recover nickel, 
iron, and possibly cobalt products. Work done in 
cooperation with the International Cooperation Ad-
ministration. 45 cents. 
RI 6064. Reconnaissance of Scandium Sources and 
Recovery of Scandium From Uranium Mill Solu-
tions, by J. R. Ross and J. B. Rosenbaum. 1£62. 
16 pp. 3 figs. Describes analysis of a large 'num-
ber of minerals for scandium content and evalu-
ates several methods for recovering scandium from 
uranium mill solutions. 
RI 6065. Factors Influencing the Design of Hy-
draulic Backfill Systems (in Two Parts). 1. 
Friction-Head Losses of Sand Slurries During Pipe-
line Transport, by William R. Waym~nt,· George L. 
Wilhelm, and John D. BardilL 1962. 43 pp. 21 
figs. Gives information on friction-head losses of 
sand slurries during their transport· in pipelines, 
and includes data on degradation, changed perco-
lation characteristics, and critical velocities of the 
slurries. Work is based upon research partly per-
formed under a fellowship agreement cosponsored 
by the Bureau of Mines and the' Montana School 
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of Mines. . 
RI 6066. Factors Influencing the Design of Hy-
draulic Backfill Systems (in Two Parts). 2. 
Friction-Head Losses of Barite and Limestone Slur-
ries During Pipeline Transport, by John D. Bardill, 
Donald R. Corson, and William R. WaymEmt. "1962. 
33pp. 10 figs. Presents results of' extenstve tests 
on friction-head losses of sand slurries composed 
of materials of different specific gravities and under 
varying transport systems. Work is based upon 
research partly performed under a 'fellowship 
agreement cosponsored by the Bureau of Mines 
and the Montana School of Mines. Part 1, RI 6065, 
covers friction-head losses of sand shlrries. 
RI 6067. A Method of Determining Dynamic Ten-
sile Strength of Rock at Minimum Loading, by 
L. O. Bacon. 1962. 22 pp. 18 figs. Presents curves 
and results of the dynamic tensile measurements 
for 6 basalt cores with a pendulum-impacting 
method and for 11 sandstone cores with the pellet-
impacting method. Work done in cooperation with 
Institute of Minerals Research, Michigan College of 
Mining and Technology. 
RI 6068. Experiments in Extinguishing Liquid-Fuel 
Flames. With High-Expansion Foams, by Eugene 
L. Grumer and David Burgess. 1962. 10 pp. 5 
figs. Presents results of application of high-expan-
sion foams to six fuels burning in I-foot.;diameter 
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trays. Flames of three hydrocarbon fuels were 
more readily extinguished than the flames of meth-
anol, acetone, or unsymmetrical dimethyl hydrazine. 
RI 6069. Resource Investigation and Leaching 
Study of Manganiferous Schists, Kings Mountain 
District, North and South Carolina, by J. F. O'Neill 
and R. B. Bauder. 1962. 12 pp. 1 fig. Concludes 
that there is a large quantity of manganiferous 
schist associated with 'the Battleground S-chist. 
Manganese oxide is amenable to sulfur dioxide 
leaching, but more research is needed on methods 
of recovering the silicate manganese. Work done 
in cooperation with University of Alabama. 
RI 6070. Flotation of Spodumene From Pegmatites 
of Cleveland County, N.C., by Thomas L. McVay 
and James S. Browning. 1962. 6 pp. 1 fig. Gives 
results of continuous flotation tests that indicated 
that commercial-grade spodumene could be pro-
duced from these pegmatites. Work done in co-
operation with the Lithium Corporation of America 
and the University of' Alabama. 
RI 6071. Properties of Palygorskite, an Asbesti-
form Mineral, by Charles W. Huggins, M. V. Denny, 
and H. R. Shell. 1962. 17 pp. 8 figs. Gives 
X-ray diffraction data, chemical analyses, differen-
tial thermal analysis, thermal gravimetric analy-
sis and optical data for palygorskite. , 
RI 6072. Performance of Waterfloods in Wichita 
County, Tex., by Thomas M. Garland. 1962. 135 
pp. 75 figs. Presents data on 36 waterflood proj-
ects in Wichita County, Tex., and analyzes some 
of the factors affecting the results obtained. Work 
done in cooperation with North Texas Oil and Gas 
Association. 
RI 6073. Effects of Ultrasonics on Electrolytic 
Deposition of Manganese and Manganese Dioxide 
From Sulfate Electrolyte, by Charles B. Kenahan 
and Da,vid Schlain. 1962. 26 pp. 17 figs. Gives 
information on effects of ultrasonic vibrations of 
26, 38, and 400 kilocycles per second at acoustical 
intensities of 0.25 to 1.25 watts per square centi-
meter in two separate electrodeposition processes. 
RI 6074. Effects of In-the-Mill Drying on Pulver-
izing Characteristics of Lignite, by R. C. Ellman, 
J. "V. Belter, and L. Dockter. 1962. 18 pp. 11 
figs. Gives results of comparative tests on lignites 
from five mine sources and shows significant ad-
vantages from high degrees of in-the-mill drying. 
RI 6075. Electrowinning Molten .Lanthanum From 
IJanthanum Oxide, by E. Morrice, C. Wyche, and 
T. A. Henrie. 1962. 9 pp. 3 figs. Describes elec-
trowinning of molten high-purity lanthanum from 
lanthanum oxide dissolved in a fluoride electrolyte 
in an internally heated cell. 
RI 6076. MgO-MgF2-Si02 System at Two Levels of 
Li02 and Na20, by H .. R. Shell. 1962. 16 "pp. 5 
figs. Gives results of investigations. by solid-state 
reactions in the systems MgO-MgF2-Si02 at 2 and 
and 4 weight-percent LhO and 3.8 and 7.7 weight-
percent Na20. Summarizes results in four ternary 
diagrams. 
RI 6077. Synthetic Mica From Low Cost Raw Mate-
rials •. by H. R. Shell and Wilbur Warwick. 1962. 
19 pp. 2 figs. Describes methods of synthesizing 
fluorphlogopite mica from impure materials such 
as olivine. clay, and feldspar (plus K2SiFa and 
Al20 3 as needed) that yielded 95 to 98 percent 
mica suitable for metallurgical uses. Because 
highly dispersed minute ferroalloy particles were 
present, the mica was not suitable for electrical or 
electronic usee;. 
RI 6078. Studies of Magnesium Alloys for Use at 
Moderate Temperatures, by R. L. Crosby and K. A. 
Fowler. 1962. 28 pp. .16 figs. Presents data on 
the mechanical properties of wrought magnesium 
alloys. containing rare-earth elements at tempera-
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tures up to 3000 C. Discusses solid solubility of 
cerium and zirconium in magnesium. 
RI 6079. Titanium-Iridium Phase Diagram, by J. 
G. Croeni, C. E. Armantrout, and H. Kato. 1962. 
15 pp. 12 figs. The titanium-iridium phase dia-
gram was investigated by careful techniques, in-
volving melting point, thermal analyses, X-ray dif-
fraction, dilatometry, electrical resistivity, and met-
allograophy. ·Work done in cooperation with U.S. 
Atomic Energy Commission under -contract. 
RI 6080. Preparation of Columbium and TantalUm 
by Metallic Reduction of Their Chlorides, by T. T. 
Campbell, F. E. Block, G. B. Robidart, and J. L. 
Schaller. 1962. 20 pp. 7 figs. Describes experi-
mental work that demonstrates the feasibility of 
preparing columbium and tantalum metals by appli-
cation of Kroll-process techniques. 
RI 6081. Lake Superior Iron Resources: Metal-
lurgical Evaluation and Classification of Nonmag-
netic Taconite Drill Cores From the West Central 
Mesabi Range, by P. A. Wasson, D. W. Frommer, 
L. F. Heising, R. E. Lubker, and R. L. Blake. 1962. 
62 pp. 17 figs. Presents data developed from a study 
of drill cores from 15 holes that was designed to 
provide a better understanding of the nature and 
character of low-grade iron ore occurrences. 
RI 6082. Flotation of Siegenite in a Complex Sul-
fide Table Middling From Southeast Missouri, by 
W. A. Calhoun and T. E. Hill, Jr. 1963. 13 pp. 
4 figs. Describes a min.eral-dressing ,procedure de-
veloped by the Bureau for concentrating this nickel-
cobalt-bearing mineral from a table middling occur-
ring in mill operations in the southeast Missouri 
"lead belt." The procedure also includes recov-
ering commercial-grade concentrates of copper and 
lead; a low-grade zinc concentrate, a potential 
coproduct, was also made. 
RI 6083. Incinerator for Solid Combustible Wastes 
Containing Low-Level Radioactivity, by R. C. Corey 
and C. H. Schwartz. 1962. 38 pp. 25 figs. Gives 
specifications and performance data for an incin-
erator for combustible lOW-level radioactive wastes. 
Incinerator reduces waste to one-tenth to one-
twentieth of its original volUme. . 
RI 6084. Beryllium-Bearing Tuff From Spor Moun-
tain, Utah: Its Chemical, Mineralogical, and Physi-
cal Properties, by J. W. Montoya, R. Havens, and 
D. W. Bridges. 1962. 15 pp. Describes labora-
tory research on general physical properties of 
berylliferous tuff from Spor Mountain: Possibility 
of separating beryllium minerals from the tuff by 
physical methods appears remote. 
RI 6085. DeSign and Initial Operation of a Slag-
ging, Fixed-Bed, Pressure Gasification Pilot Plant, 
by G. B. Gronhovd, A. E. Barak, W. R. Kube, and 
W. H. Oppelt. 1962. 50 pp. 25 figs. Describes a 
pilot plant designed for eventual operation at pres-
sures ranging from 400 to 600 psig. For the pre-
liminary test reported here, the gasifier was fitted 
with a low-pressure slagging section and operated at 
atmospheric pressure and at 80 psig. The gasifier 
was designed to gasify lignite or other low-rank non-
caking coals; however, a bituminous coal char was 
used in most of the tests included in this report. 
tRI 6086. Analyses of Tipple and Delivered Samples 
of Coal (Collected During the Fiscal Year 1961) t 
by S. J.' Aresco, C. P. Haller, and R. F. Abernethy. 
1962. 41 pp. Presents the results of analyses of 
7,603 samples collected in connection with Govern-
ment coal purchases .. Heating value and proximate 
analyses are given for all the samples; ash-soften-
ing temperature, free-swelling index, and the Bard-
grove grindability index are also shown for many 
samples. 
t Out of print. 
RI 6087. Methods of Analyzing Oilfield Waters. 
Metallics: Copper, Nickel, Lead, Iron, Manganese, 
Zinc, and Cadmium, by A. Gene Collins, Cynthia 
Pearson. Dave H. Attaway, and Thomas G. Elbrey. 
1962. 24 pp. 7 figs. Presents detailed description 
of the methods of analyzing oilfield brines for cer-
tain trace and minor constituents. 
RI 6088. Linearization ·of Adsorption Data, by Fos-
ter Fraas. 1962. 20 pp. 12 figs. A method is 
presented for the linear evaluation of· adsorption 
data using two equations. The equations are ap-
plicable to electronic and salt equilibria. 
RI 6089. An Economic Evaluation of Hydrogen 
Production by the Continuous Steam-Iron Process 
at 7 Atmospheres, by Sidney Katell, John H. Faber, 
and Paul Wellman. 1962. 13 pp. 4 figs. The esti-
mated capital requirement for a plant producing 
30 million std cu ft per day of 99.8-percent purity , 
hydrogen at a discharge pressure of 450 psig is 
$13,100,000, using January 1961 equipment cost 
data. The operating cost before profit and taxes 
. with coal at $4 per ton is estimated to be $0.38 
per M std eu ft. 
Rl 6090. Some Characteristics of Iron in the Lime 
Soda Sinter Process for Recovering Alumina From 
Anorthosite, by R. V. Lundquist and E. L. Single-
ton. 1962. 13 pp. 5 figs. Indicates that the iron 
content of sinters influences the recovery of alu-
mina and soda. The approximate Fe20a appears 
to inhibit gelation; and 15.5 percent FeaOa produces 
effects similar to those produced by 1 percent 
sucrose. 
Rl 6091. Spectrographic Analysis of Cerium by a 
Carrier Distillation Technique, by A. B. Whitehead 
and Howard H. Heady. 1962. 24 pp. 9 figs. A 
spectrographic method for the determination of 18 
irrpurities in cerium is pre$ented. The carrier dis-
tillation technique is utilized to separate the spec-
tra of impurities from the complex spectrum of 
cerium. 
RI 6092. Alkyl-Dithiocarbamic Acid Amine Salts as 
Flotation Collectors for Sulfide Lead Slime, by 
H. E. Powell, W. A. Calhoun, and T. E. Hill, Jr. 
1962. 18 pp. 11 figs. Dithiocarbamate-type re-
agents as prepared and evaluated in this study are 
shown to be collectors for finely divided partly oxi-
dized galena. Reasonable recoveries made from a 
mill tailing already stripped of most of its lead 
values indicate the effectiveness of the collectors. 
Rl 6093. Physical Properties and Clay Mineral Con-
tents Affecting Susceptibility of Oil Sands to Water 
Damage, Powder River Basin, Wyo" by Eliot J. 
White, Oren C. Baptist, and Carlon S. Land. 1962. 
20 pp. 4 figs. Gives data on futerrelationships 
among permeability, restored water saturation, 
clay content, and bulk swelling capacity of cores 
from 100 wells in the major oil-producing forma-
tions in the Powder River basin. Results were 
used to estimate the susceptibility of the formations 
to water damage. 
RI 6094.' Titanium Resources of Nelson and Am-
herst Counties, Va. (in Two Parts) 1. Saprolite 
Ores, by George E. Fish, Jr. 1962. 44 pp. 27 figs. 
Describes investigations conducted by the Bureau 
in the Roseland anorthosite-titanium belt of Nelson 
and Amherst Counties. Saprolite ore bodies inves-
tigated contain titanium minerals in quantity and 
are large enough to warrant conSideration by in-
dustry for economic development. Part 2, RI 6429, 
published in 1964, is an investigation of nelsonite 
deposits. 
RI 6095. Cemented Tungsten Carbide With Tita-
nium Diboride Additions, by M. E. Tyrrell and 
Gilbert M. Farrior. 1962. 12 pp. 5 figs. Gives 
data on the properties of cemented tungsten car-
Reports of Investigations 
bide modified by the addition of 1, 2, and 5 percent 
of titanium diboride and compares the properties of 
these mixtures when sintered, hot-pressed, and flash-
welded. 
RI 6096. A Microhydrogenation Technique for Iden-
tifying Organic Sulfur, Nitrogen, Oxygen, and Halo-
gen Compounds, by C. J. Thompson, H. J. Coleman, 
R; L. Hopkins, and H. T. RaIl. 1962. 28 pp. 11 
figs. Describes a micromethod for catalytically 
removing sulfur from sulfur compounds to yield 
hydrocarbons for which standard compounds are 
available. Shows how this method was applied 
with equal success to various classes of oxygen, 
. nitrogen, and halogen compounds. 
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RI 6097. Ion-Exchange Separation and' Instrumen-
tal Analysis of Impurities in Rare-Earth Metals, 
by H. J. Seim, Joseph L. Johnson, K. R. Stever, 
and Howard H. Heady. 1962. 19 'pp. 6 figs. An 
.ion-exchange instrumental analYSis technique is de-
scribed for analyzing impurities at 1 to 1,000 parts 
per million in rare-earth metals. A cation-exchange 
fiame-.photometric method is used for the alkali and 
alkaline earth groups of metals, and an anion-
exchange procedure is used with polarographic 
and X-ray fluorescence techniques for selected 
transition elements. . . 
RI 6098. Rapid Determination of Permeability in 
Porous Rock, by Jerry B. F. Champlin. 1962. 9 
pp. 3 figs. Describes a method and apparatus, 
developed by the Bureau, that use the principle of 
specific-volume permeametry to determine permea-
bilities of porous solids rapidly and accurately. 
RI 6099. Fire and Explosion Hazards Associated 
with Liquefied Natural Gas, by David Burgess and 
Michael G. Zabetakis. 1962. 33 pp. 21 figs. Dis-
cusses factors to be considered in an evaluation of 
the fire and explosion hazards connected with any 
fuel and describes the experiments conducted to 
evaluate the hazards associated with liquefied natu-
ral gas. 
Rl 6100. The Desilicationof Caustic Leach Liquors 
Containing Alumina, by R. V. Lundquist and N. 
Chardoul. 1962. 18 pp. 4 figs. Describes results 
of tests on the (Jesilication of solutions resulting 
from the leaching of lime-soda sinters. . Presents 
the experimental data obtained when desilication 
was accomplished by heating solutions in an auto-
clave under select conditions of temperature and 
pressure. 
RI 6101. Columbium-Hafnium Binary Alloys for 
Elevated Temperature Service, by H .. R. Babitzke, 
G. Asai, and H. Kato. 1962. 17 pp. '9 figs. Gives 
results of tests of the machinability, hardness, work-
ability, tensile strength, and oxidation resistance 
of 10 ingots' ranging from 100 percent columbium 
to 7'0 atomic percent hafnium. For the alloy series 
tested, strength and hardness values increased with 
increasing hafnium content, with maximum values 
at 50 atomic percent hafnium. Oxidation resistance 
improved with increasing hafnium content through 
'70 atomic' 'percent. E'ight O'f the ten ingots were 
fabricable at room temperature; those with 5 and 
10 atomic percent hafnium required hot working. 
RI 6102. Bacterial Leaching of Manganese Ores, 
by E. C. Perkins and Frank N oneIll. 1962. 11 pp. 
Reports preliminary experiments in utilizing bac-
teria to leach manganese from a variety of domestic 
low-grade manganiferous materials. 
RI 6103. Flotation and Sintering Studies on Man-
ganese Ores Stockpiled at Deming, N. Mex., and 
Wenden, Ariz., by W. W. Agey and V. E. Edlund. 
1962. 13 pp. Summarizes results of bench-scale 
metallurgical studies on three composite samples 
representative of the low-grade manganese ores 
stockpiled at the Deming and Wenden depots. 
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RI 6104. Lake Superior Iron Resources: Further 
Metallurgical Evaluation of Mesabi Range N onmag-
netic Taconites (Reduction Roasting and Magnetic 
Separation), by D. VV. Frommer and P. A. Wasson. 
1963. 47 pp. 4 figs. Evaluates 159 composite sam-
ples of nonmagnetic taconite, in terms of respon-
siveness to a process of commercial significance, by 
a technique of reduction roasting, fine grinding, and 
magnetic separation. 
RI 6105. Spectroclie:rn,ical Analysis of High-Purity 
Titanium, by J. Robert Wells and Lloyd Carpen~ 
ter. 1962. 23 pp. 7 figs. Describes a spectro-
chemical procedure for determining 19 impurity 
elements in high-purity titanium metal, titanium 
oxides, and titanium halides in which all samples 
are converted to titanium dioxide. 
RI 6106. Estimating Daily Exposures of Under-
ground Uranium Miners to Airborne Radon-
Daughter Products, by R .. C. Bates and R. L. Rock. 
1962.22 pp. 5 figs. Recommends the spot-check 
method for use by mining companies, Gover:p.ment 
agencies, and others who wish to evaluate the 
radon-daughter exposures of uranium mine work-
ers. If the sampler correctly evaluates the varia-
. bles involved, the spot-cbeck method is simple and 
fast and gives a reasonably accurate estimate of 
the full-shift exposure. . 
RI 6107. Recovery of Tin, Tungsten, and Other 
Metals From Tin Smelter Wastes, by A. G. Star-
liper and H. Kenworthy. 1962. 17 pp'. 1 fig.- Covers 
stUdies on the removal of metallic values. in two 
waste products from the Longhorn tin smelter, 
Texas City, Tex. Describes the treatment of a 
slag containing tin, tungsten, and other. metals 
and a spent acid solution alsQ containing tin, ttlng-
sten, and other metals. . 
RI 6108. Spectrochemical Analysis of High-Purity 
Beryllium, by R.W. Lewis, C. F. Earl, J. L. Pot-
ter, and R. Fehler. 1962. 15 pp. ~ figs. Describes 
spectrochemical procedures that were developed, 
using de arc excitation,to determine 18 impurity 
elements in electrorefined beryllium and high-purity 
beryllium oxide. . 
RI 6109. Performance of a Screw-Type, Classifier-
Cyclone Combination: A Laboratory Evaluation, 
by P. S. Jacobsen, Michael Sokaski, and M. R. 
Geer. 1962. 16 pp. 3 figs. Tested .the improve-
ment in. recovery when a cyclone was added to the 
classifier circuit and discovered that addition of 
the cyclone greatly improved the. overall recovery 
of solids. Work done in cooperation with the School 
of Mineral Engineering, University of Washington. 
RI 6110. Underground Borate Mining, Kern Qounty, 
Calif., by Leonard Obert and Albert E. Long. 1962. 
64 pp. 45 figs. Documents the underground min-
ing methods employed in the Kramer district be-
fore 1957. Gives detailed geology _ of four mine 
sites and describes factors that, affect the struc-
tural characteristics' of the mines. 
RI 6111. Design, Construction, and Evaluation of 
an Electron Probe X-Ray Spectrograph, by J. D. 
Brown, J. W. Thatcher,and W. J. Campbell. 1962. 
30 pp. 19 figs .. Describes the deSign and construc-
tion of the Bureau's electron probe X-ray spectro-
graph. Mentions two applications of the spectro-
graph and describes in detail the analysis of a 
sample of a uranium-iron-nickel alloy to illustrate 
the calculation of composition from measured X-ray 
intensities. 
. RI 6112. Autoignition of Lubricants at Elevated 
Pressures, by Michael G. Zabetakis, GeorgeS. Scott, 
and Robert E. Kennedy. 1962. 10 pp. 7 figs. Gives 
data on the autoignition temperatures of natural 
and synthetic lubricants at elevated pressures· and 
temperatures showing' that the phosphate esters 
have higher autoignition temperatures than the 
48 
mineral oils at any pressure between 1 and 200 
atmospheres. 
RI 6113. Deoxidation of Blister Copper by Gaseous 
Reduction, by F. E. Brantley and C. H. Schack. 
1962. 12 pp. 3 figs. Describes the successful 
laborator:f-scale deoxidation of blister copper with 
any of a variety of reducing gases. Estimates that 
process _ on a commercial scale would be cheaper 
and more efficient than poling. 
RI 6114. Disposal of Liquid vVaste in the Resin-in-
Pulp-Type Uranium Milling Flowsheet, by K. E. 
Tame and J. B. Rosenbaum. 1962. 11 pp. 2 figs. 
Fourth in a series, report explains that the bene-
fits expected from. reuse of barren solution in the 
washing circuit are (1) reduction in the quantity 
of dissolved radium. 226 and thoriUm 230 discharged 
from the mill, (2) reduction in the amount of 
uranium in discarded solution, and (3) savings on 
fresh water requirements for the mill. A disad-
vantage is the cost of recovering clear barren solu-
tion for return to the wash circuit. RI 5874, 6011, 
and 6045 describe radioactive waste disposal by the 
Durango~, Vitro-, and Shiprock-type processes. 
RI 6115. Thermal ExpanSion of Magnesium Oxide: 
An Interlaboratory Study, by William J. Campbell . 
1962. 50 pp. 10 figs. Thermal expansion charac-
teristics of a high-purity polycrystalline magnesium. 
oxide were determined by 21 cooperating labora-
tories. Comparison of results within methods 
showed the least variance for X-ray camera re-
suIts; dilatometer and X-ray diffractometer results 
have about the same variance. The average devi-
ations, in percent, between observed and calculated 
expansion v:ilues among methods were approxi-' 
mately lQ percent from 1000 to 300 0 C, 5 percent 
from 300 0 to 5000 C, and 2 percent from 500 0 to 
1,4000 C. Maximum. devaitions were apprOXimately 
twice as large in most instances. 
RI 6116. Vibration Damping Capacity of Various 
Magnesium Alloys, by.D. F. Walsh, J. W. Jensen, 
and J. A. Rowland. 1962. _ 16 pp. 11 figs. Studies 
the damping capacities of 'a number of magnesium-
base alloys and establishes' a - correlation between 
. damping capacity and composition. 
RI .6117. Gasification of Bituminous Coal With 
Oxygen in a Pilot Plant Equipped for Slurry Feed-
ing; by L. F. Willmott, K. D. Plants, W. R. Huff, 
arid J. H. Holden. 1962. 10 pp. 4 figs. Finds 
that the slurry system offers a satisfactory means 
of feeding pulverized coal to a pressure gasifier, 
although further work is required to develop an 
economical process. . 
RI 6118. Sampling of Lynch Creek Beryllium-Tung-
sten Prospect,. Lander County, Nev., by. Robert Hall. 
1962. 10 pp. 5 figs. Gives data on 40 samples from' 
this prospect that were analyzed by the Bureau. 
RI 6119. Investigation of Manganese Deposits, 
Hodgdon and Linneus Townships, Southern Dis-
trict, Aroostook County, Maine, by Kenneth M. 
Earl and N. A. Eilertsen. 1962. 47 pp. 11 figs. 
Describes the results of a field study made by the 
Bureau during 1956 and 1957 on mallganese- and 
iron-bearing' mineral deposits in the southern dis-
trict of Aroostook County, Maine. Over 50 mag-
netic anomalies were mapped in the Westford Hill-
Daggett Hill area, Hodgdon Township. The larg-
est anomaly indicates a deposit 3,200 feet long, 
with a maximum width of 350 feet. Of several 
magnetic anomalies outlined on the Stewart pros-
pects in Linneus Township, three indicate manga-
niferous deposits of appreciable size. Core analy-
ses show that the deposits average less than 7 
percent manganese. 
RI 6120. Electric FUrnace Smelting of Offgrade 
Domestic Manganese Ores and Concentrates. by 
F. B. Peterman and R. S. Lang. 1962. 21 pp. 1 
fig. Describes smelting of offgrade manganese 
ore' and sintered concentrate to specification-grade 
ferromanganese. . 
RI 6121. Extraction of Manganese From Low-
Grade Dolomitic Materials by a Roast-Leach Proc-
ess, by G. V. Sullivan, L. L. Brown, and R. G. 
Petersen. 1962. 24 pp. 8 figs. Summarizes the 
results of a preliminary study of manganese ex-
traction from low-grade dolomitic materials from 
the Philipsburg district in Montana by the Dean-
Leute ammonium carbamate process. 
RI 6122. Autoradiography of Carbon and Sulfur in 
Titanium Steels, by A. A. Cochran and J. W. Jen-
sen. 1962. 17 pp. 8 figs. Describes the prepara-
tion of small heats of steel containing radioisotopes 
and the use of stripping film autoradiography to 
detect and study the carbide and sulfide phases 
in titanium-bearing steels. 
RI 6123. Flotation of Northeast Birmingham, Ala., 
Hematite Ores, by R. E. Perry, W. E. Lamont, I. L. 
Feld, and B. H. Clemmons. 1962. 14 pp. 2 figs. 
Shows that improved flotation methods can produce 
concentrates containing 49 to 51 percent iron from 
low-grade red iron ores. Study included several 
hundred batch flotation tests and' about 50 pilot 
plant tests. Work done in cooperation with the 
University of Alabama and the United States Pipe 
and Foundry Co. 
Rl 6124. Hydrogenation of Pitch From Low-Tem-
perature Carbonization of Coal, by Richard D. 
Graves, Walter Kawa, and Raymond W.Hiteshue. 
1962. 15 pp. 7 figs. Describes the production of 
low-molecular-weight oils and tar acids from pitch 
from low-temperature carbonization of bituminous 
coal hydrogenated at cracking conditions in a con-
tinuous bench-scale unit. 
Rl 6125. Hydrogasification of Bituminous Coals, 
Lignite, Anthracite, and Char, by Raymond W. 
Hiteshue, Sam Friedman, and Robert Madden. 
1962. 15 pp. 8 figs. Gives data on the amenabil-
ity of various coals and a char to hydrogasification 
at 800 0 C and 6,000 psig, using a molybdenum 
catalyst. 
Rl 6126. Use of a Large-Diameter Reactor in Syn-
thesizing Pipeline Gas and Gasoline by the Hot-
Gas-Recycle Process,. by A. J. Forney, D. Bienstock, 
and R. J. Demski. 1962. 30 pp. 18 figs. A 12-
inch-wameter reactor was operated successfully in 
the synthesis of gaseous and liquid fuels. When 
high-Btu gas was synthesized in two stages, paral-
lel-plate assemblies of Raney nickel were almost 
as active as granular Raney nickel in the second 
reactor. . The pressure drop through the second 
reactor, however, was reduced 90 percent by the 
use of these assemblies. Work done in coopera-
tion with Consolidated Natural Gas -Co. 
RI 6127. Biological Formation of Flammable At-
mospheres, by Michael G. Zabetakis. 1962. 7 pp. 
1 fig. Dicusses six cases of hazardous conditions 
created by the action of bacteria on organic mat-
ter and analyzes the gases obtained in the investi-
gations. 
RI 6128. Biaxial Device for Determining the Mod-
ulus of Elasticity of Stress-Relief Cores, by J'ohn 
Fitzpatrick. 1962. 13 pp. 9 figs. Describes an 
apparatus and procedure that permit determination 
of the modulus of elasticity of cores obtained in 
the process of making in situ stress measurements. 
Apparatus is sufficiently portable to permit field use. 
RI 6129. Laboratory Studies of Variables in Ro-
tary Drilling, by James A. Whelan. 1962. 35 pp. 
27 figs. Covers some' preliminary studies of rock 
failure during rotary drilling and effect of bit de-
sign. Considered were (1) the penetration of a 
wedge into rock, (2) the effect of thrust on pene-
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tration rate, (3) the effect of rotary speed on 
penetration rate, (4) the relationship between 
torque and bit diameter, (5) the effect of reamer 
or pilot drilling on torque, and (6) the forces act-
ing on a cutting tool during drilling. The applica-
tions of the results of these studies to drilling 
practice and to bit design are considered. Experi-
mental work was done under Bureau-sponsored 
fellowships at the University of Minnesota. 
RI 6130. Low-Temperature Heat Capacities and 
Entropies at 298.15° K. of Magnesium Metavana-
date. and Magnesium Pyrovanadate, by W. W. 
Weller and E. G. King. 1962. 5 pp. 1 fig. Com-
pletes low-temperature measurements planned for 
alkaline-earth vanadates. No similar data for these 
compounds have been published previously. Free 
energy of formation values at 298.15° K were de-
rived by combination of the present entropy values 
with heat of formation data. 
RI 6131. Hydrogen as a Retaining Ion for Rare-
Earth Separation -by Ion Exchange With EDTA and 
DCTA, by R. E. Lindstrom and J. O. Winget .. 1962. 
18 pp. 11 figs. Shows that the use of hydrogen as 
a retaining ion at 2000 F with ethylenediaminetetra-
acetic acid (EDTA) eluant gives effective separa-
tionand permits EDTA and water, collected before 
rare-earth breakthrough, to be recycled without 
extensive processing. Finds that separation with 
1,2-diaminocyclohexanetetraacetic acid (DCTA) 
eluant increases markedly on increasing tempera-
tUre from ambient to 2500 F, but DCTA does not 
compare favorably with EDTA on the basis of sep-
aration efficiency. 
RI 6132. Spectrochemical Determination' of Beryl-
lium in Mineral Beneficiation Products, by M. J. 
Peterson and J. B. Zink. 1962. 19 pp. 9 figs. 
Spectrochemical methods were developed to deter-
mine beryllium in the concentration range 0.0015 
to 4.0 percent in siliceous mineral beneficiation 
- products. Two methods are described. They are 
a fusion-pellet-spark procedure (spark method) 
and a sustaining alternating-current arc procedure 
(arc method). Beryllium determinations show de-
viations from accepted chemical values of approxi-
mately 5 and 8 percent for the spark and arc meth-
ods, respectively. Analyses can be made more rap-
idly by the arc procedure with a sacrifice in pre-
cision and accuracy. Either method can be applied 
to the determination of beryllium in silicate rocks. 
RI 6133. Methods for Producing Alumina From 
. Clay. An Evaluation of Five Hydrochloric Acid 
Processes, by Frank A. Peters, Paul W. Johnson, 
and Ralph C. Kirby. 1962. 68 pp. 28 figs. The 
processes considered are designed to extract alu-
mina as aluminum chloride from calcined clay with 
20 percent hydrochloric acid and to remove the 
silica residue by filtration. Operating and capital 
costs for each of the five processes are estimated. 
Report is second of a series describing and analyz-
ing various known processes for producing alumina; 
the first report, RI 5997, described sulfurous acid 
leaching of alumina from clay. 
RI 6134. Petroleum-Engineering Study of the HaIl-
Gurney Oilfield, Russell County, Kans., by C. H. 
Riggs, Larman J. Heath, Don C. Ward, and Ray V. 
Huff. 1963. 86 pp. 45 figs. Describes the devel-
opment, oil recovery, and potentialities of produc-
tive formations in the Hall-Gurney field. Presented 
as part of a general program to aid and promote 
increased recovery from petroleum reservoirs, report 
is based on studies of well logs, drill cuttings, and 
oil- and water-production histories of individual 
wells and leases. Work done in cooperation with 
the Kansas State Board of Health. $1.25. 
RI 6135. Use of a Large-Diameter Auger in Mining 
Pitching Anthracite Beds, by J. T. Schimmel, W. H. 
Repods of Investigations 
Tavenner, and Donald Markle, Jr. 1962. 24 pp. 
14 figs. Shows that augering eliminates exposure 
to the hazards encountered in driving chutework by 
conventional methods and provides adequate circu-
lar ventilation openings, which are strong in self 
support and are adaptable to reaming when re-
quired. Work done in cooperation with Raven Run 
Oo'aICo. 
RI 6136. Preparation Oharacteristics of Ooal From 
Nicholas Oounty, W. Va., by T.E. Gray. 1962. 
32 pp.. 3 figs. This report is one in a series de-
scribing coals suitable for producing metallurgical 
coke, either as mined or after beneficiation. The 
Lower Kittanning bed at one location, the Ooalburg, 
the Peerless, and the Eagle beds at two locations, 
and the Sewell bed at three locations are of metal-
lurgical quality as mined. Upgrading the Lower 
Kittanning, the Winifrede, and the Eagle beds at 
one location each to metallurgical quality presents 
a simple washing problem. 
RI 6137. Determination of Stresses Around an Un-
derground Opening, Olimax Molybdenum Mine, 
Oolorado, by Stephen Utter. 1962. 26 pp. 22 figs. 
Presents the following results: (1) The maximum 
principal stresses 'were compressive and ranged 
from 690 to 4,870 psi; (2) the directions of the 
maximum principal stresses ranged from about 26° 
to 175 ° from the right horizontal axis, (3) the 
stresses computed from surface strain measure-
ments were less than those computed from measure-
ments farther in the rock, (4) stresses computed 
from theory ranged from 3,200 to 4,500 psi, depend-
ing on the depth of overburden, (5) anisotropy was 
not significant, and (6) the stress field was influ-
enced either by the topography or by tectonic forces, 
or by both. 
RI 6138. The Effect of Suspension in Bolting Bed-
ded Mine Roof, by Louis A. Panek. 1962. 59 pp. 
11 figs. Explains the general principles of be-
havior of bolted roof beds by an approximate the-
ory. Validates the theory with model test data 
and obtains an expression for the "suspension effi-
ciency." -
RI 6139. The Oombined Effects of Friction and 
Suspension in Bolting Bedded Mine Roof, by Louis 
A. Panek. 1962. 31 pp. 9 figs. Gives mathemati-
cal formulas for the change in maximum roof 
bending stress and for the change of roof deflection 
due to the combined friction and suspension effects. 
Findings are based on theory and on tests of mine-
roof models in a centrifuge. . 
RI 6140. Test Operation of a Pneumatic Vibrating-
Blade Planer in Phosphate and Ooal: A Progress 
Report on Planer-Mining Research, 1958-60, by 
Webster S. Anderson. 1962. 21 pp. 13 figs. Third 
in a series describing progress in research with the 
penumatic vibrating-blade planer, report describes 
tests with the planer conducted in the Arickaree 
phosphate mine in Utah and in the Roslyn No.9 
coal mine in Washington. After the Arickaree 
mine tests, the bit design was improved, and tests 
were conducted in the Roslyn No. 9 mine to check 
the modifications. The redeSigned cutting tool was 
an improvement, and the possibility of planing coal 
as well as phosphate was proved. 
RI 6141. Trenching and Sampling of the Rhyolite 
Mercury Prospect, Kuskokwim River Basin, Alaska, 
by Raymond P. Maloney. 1962. 43 pp. 11 figs. 
Shows that bulldozer trenching to bedrock at inter-
vals, in a 2,OOO~ by 3.000-foot area where previous 
prospecting had disclosed abundant float and sev-
er:::).l in-place stringers containing cinnabar, indi-
cated that the mercury mineralization in the area 
investigated was confined to erratically distributed 
short stringers and to small lenses, occurring in 
discontinuous zones in silica-car:bonate dikes and 
sills or along their altered contacts with sedimen-
tary rocks. The geology of the prospect is similar 
to that existing at several other mercury mines 
and prospects in the Kuskokwim region. 
RI 6142. Beneficiation of Refractory Olay, by H. 
E. Powell, W. A. Oalhoun, and O. K. Miller. 46 pp. 
14 figs. 1963. Diverse mineraI .. dressing tests were 
used to beneficiate samples from the east-central 
Missouri fire clay district. Marginal and submar-
ginal clays containing impurities were effectively 
beneficiated by both wet-cyclone and wet-table 
treatment, but the wet-cyclone treatment was 
cheaper. 
RI 6143. Heats and Free Energies of Formation of 
Oalcium. Tungstate, Oalcium Molybdate, and Mag-
nesium Molybdate, by R. Barany. 1962. 11 pp. 
The heats of formation at 298.15° K for the three 
compounds were determined by solution calorime-
try. Oombining these data with related entropy 
values gave the free energies of formation at 
298.15° K. 
RI 6144. Performance of a Losch Anthracite 
Stoker in Building-Heating Service, by R. F. Ten-
neyand J. W. Eckard. 1963. 45 pp. 12 figs. Pre-
sents additional data on the performance of a 
small industrial-type stoker burning rice-size an-
thracite. Observations were made, during a 4-
month winter-spring season, on a stoker in actual 
building-heating service. 
RI 6145. Low-Temperature Phase Equilibria of 
Helium-Bearing Natural Oases: Hansford Gas, by 
Lowell Stroud, John E. Miller, and Will E. De-
Vaney. 1963. 20 :pp. 11 figs. Offers infoJ:IID.ation 
on a natural gas with 0.75 mole-percent helium 
content which is to be processed by the Bureau. 
A windowed-cell apparatus was used to obtain 218 
samples of equilibrium vapor and liquid phases at 
73 experimental conditions ranging in temperature 
from -100° F to -275° F and in pressure from 
100 to 500 psi. From the phase data, the conden-
sation characteristics, helium solubility, and equi-
librium-vaporization-coefficient data for helium, 
nitrogen, and methane were evaluated. 
RI 6146. Heat of Solution of Oerium Metal in Hy-
drochloric Acid, by R. L. Montgomery. 1962. 9 
pp. Gives new determination of the heat of solu-
tion of cerium in hydrochloric acid, based on pure, 
thoroughly analyzed cerium produced by the Bureau. 
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RI 6147. Low-Temperature Heat Oapacities and 
Entropies at 298.15° K of Monomolybdates of So-
dium, Magnesium, and Oalcium, by W. W. Weller 
and E. G. King .. 1963. 6 pp. 1 fig. Presents low-
temperature heat capacity data for the monomolyb-
dates of sodium, magnesium, and calcium. No 
previous similar data have been published for 
molybdates. 
RI 6148. Methods for Analyzing Tungsten Ores and 
Ooncentrates, by H. E. Peterson, W. L. Anderson, 
and M. R. Ho.wcrod:t. 1963. 30 pp. Descri:bes gravi-
metric and colorimetric methods currently used for 
the determination of tungsten in ores, mill tailings, 
and concentrates. Presents methods for the analy-
sis of impurity elements that are encountered in 
tungsten concentrates including molybdenum, tin, 
copper, arsenic, antimony, bismuth, phosphorous, 
sulfur, Ilead, zinc, silica, calcium, magnesium, and 
iron. This publication is a revision of RI 3709, 
Determination of Tungsten in Low-Grade Ores, 
published in 1943. 
RI 6149. An Inclined-Piston Deadweight Pressure 
Gage, by D. R. DOllslin and J. P. McOulloug-h. 
1963. 11 pp. 5 figs. pescribes an inclined-piston 
pressure gage that operates from a zero-pressure 
datum level. Gage is adaptable to accurate vapor-
pressure measurements in the low and intermediate 
pressure range, 0.01 to 40 mm (mercury). Work 
done in cooperation with the American Petroleum 
Institute and under contract with the Air Force 
Office of Scientific Research. 
RI 6150. Fuel-Oil Injection in an Experimental 
. Blast Furnace, by P. L. Woolf and W. M. Mahan. 
23 pp. 10 figs. 1963. Describes successful injec-
tion of fuel oil into tuyeres of Bureau of Mines 
experimental blast furnace and gives results of 
tests at minimum and maximum oil-injection rates. 
Oil-to~coke replacement ratios have been calculated 
for various conditions, and oil is compared with 
natural gas and moisture. A study of the effect of 
variations in slag volume and baSicity on the sul-
fur content of the metal at high sulfur loads is 
included. Work done in cooperation with United 
States Steel Corp. and Esso Research and Engineer-
ing Co. . 
RI 6151. Vibrations From Instantaneous and Milli-
second-Delayed Quarry Blasts, by Wilbur I. Duvall, 
Oharles F. Johnson, Alfred V. O. Meyer, and James 
F. Devine. 1963. 34 pp. 15 figs. Descr:i:bes the 
test site, eqUipment, and experimental procedures 
used in performing these factorial designed blasting 
tests and pr.esents the data derived together with 
an analysis and conclusions. 
RI 6152. Prereduced Iron Ore Pellets.: A New Blast 
Furnace Raw Material, by M. M. Fine, J. P. Han-
sen, and Norwood B. Melcher. 1962., 19 pp. 16 
figs. Describes a technical feasibility study of si-
multaneous reduction and induration of pelletized 
iron to make a product with superior qualities as 
blast furnace feed. 
RI 6153. Treating Beryl-Spodumene Concentrates 
Oontaining 10 to 30 Percent Beryl by the Fluosili-
cate Process, by R. O. Dannenberg, D. W. Bridges, 
and J. B. Rosenbaum. 1963. 18 pp. 2 figs. Shows 
that fluosilicate sinter-water leach processes appear 
applicable for treating beryl-spodumene concentrates 
containing 10 to 30 percent beryl. Recovery de-
creased and flux requirements increased when 
treating concentrates contairiing less beryl. 
RI6154. Experiments in Fused-Salt Electrolysis of 
Tungsten, by F. R. Oattoir. 1963. 10 pp. 2 figs. 
Presents results of preliminary stUdies for the eval-
uation· of some fused-salt electrolytes for refining 
tungsten metal and describes the equipment used. 
Some impurities could be eliminated with electro-
lytes composed of sodium chloride, sodium iodide, 
or sodium tetraborate in combination with tungsten 
oxide or sodium tungstate. No electrolyte tested 
yielc1ed a product pure in all respects. 
RI 6155. Thermodynamic Properties of . Yttrium 
. Metal and Iron Penta carbonyl at High Tempera-
tures, by James R. Welty, Oharles E. Wicks, and 
Herbert O. Boren .. 1963. 10 pp. 3 figs. Gives 
experimentally determined heat content values for 
yttrium metal between temperatures of 4000 and 
1.300 0 K and for iron carbonyl between 301 0 and 
3800 K. A . revised technique for determining heat 
content values from calorimetric data is described. 
Work done in cooperation with Oregon State Uni-
versity. 
RI 6156. Recovery of Beryllium From Utah Ore 
by the Fluosilicate Process, by R. O. Dannenberg, 
D. W. Bridges, and J. B. Rosenbaum. 1963. 12 
pp. 4 figs. Gives results of exploratory research 
to ascertain the feasibility of recovering beryllium 
from Spor Mountain ore by the sodium fluosilicate 
method used industrially for proceSSing beryl. The 
quality of beryllia from Spor Mountain ore is com-
parable to that prepared commercially from beryl, 
but the reagent requirements are consider~bly 
greater and the beryllium recovery is appreciably 
lower than in treating industrial-grade beryl con-
centrate. 
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RI 6157. Thermodynamic Properties of Cesium 
Chloride and Cesium Iodide From 00 to 3000 K,by 
A. R. Taylor, Jr., T. Estelle Gardner, and D. F. 
Smith. 1963. 7 pp. 1 fig. Gives low-temperature 
heat capacities of cesium chloride from 70 to 3000 
K and cesium iodide from 130 to 3000 K, measured 
with an adiabatic calorimeter. Heat capacity meas-
urements were analyzed graphically to determine 
smooth values of heat capacity,entropy, enthalpy, 
function, and free energy function at 100 K inter-
vals and at 273.15 0 and 298.15 0 K. Work done in 
cooperation with the University of Alabama .. 
RI 6158. Design and Applications of Some Mathe-
matical Models for Mine-Systems Analysis, by Rich-
'ard F. Hewlett and D. E. Redmon. 1963. 51 pp. 
15 figs. Constitutes an introduction to work being 
done by Bureau concerning mine-systems analysis. 
Discussion of computational details are avoided; 
the major effort is concentrated on illustrating 
easily understood and representative· applications 
of potentially valuable methods of solving the mine-
operating problems. 
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RI 6159. Separation and Recovery of Cobalt and 
Nickel by Solvent Extraction and Electrorefining, 
by P.T. Brooks and J. B. Rosenbaum. 1963. 30 
pp. 12 figs. Describes a novel method for separat-
ing nickel and cobalt. Laboratory-scale studies 
demonstrated the technical feasibility of produci'ng 
high-quality nickel and cobalt metals from impure 
nickel oxide containing 1 part of cobalt per 100 
parts of nickel by a combination solvent extraction-
electrolytiC process. 
RI 6160. Differential Sulfatizing Process for the 
Recovery of Ferrograde Manganese, by Charles 
Prasky, F. E. Joyce, Jr., and W. S. Swanson. 1963. 
. 30 pp. 6 figs. Describes and appraises recent prog-
ress in the development of a differential sulfatizing 
process for recovering a ferro grade manganese oxide 
from low-grade manganiferous ferruginous mate-
rials from the Cuyuna range deposits in Orow 
Wing Oounty, Minn. Individual process steps were 
carried out successfully. 
RI 6161. Electrolytic Methods of Preparing Cell 
Feed for Electrorefining Titanium, by M' M. Wong, 
R. E. Oampbell, D. O. Fleck, and D. H. Baker, Jr. 
1963. 22 pp. 5 figs. Gives results of investigative 
work by the Bureau on fused-salt electrolysis of 
titanium carbide and a commercial material termed 
"titanium cyanonitride." Problems associated with 
the preparation of crude metal by fused-salt elec-
trolysis are discussed. Work done in cooperation 
with the General Services Administration . 
RI 6162. Reaction Rate of Titanium and Titanium 
SUbchlorides in Molten Sodium Chloride, by T. A. 
Henrie, E. K. Kleespies, and D. H. Baker, Jr. 1963. 
20 pp. 8 figs. Describes an experimental technique 
devised for measuring the kinetics of heterogeneous 
reactions between molten salts containing multi-
valent ions and reaotive metals that was then ap-
plied to the .reaction between high-purity titanium 
metal and titanium trichloride dissolved in molten 
sodium chloride in the temperature range of 800 0 
to 8900 C. Experimental technique should have 
wide application in studying reactions involved in 
electrolytic and rate-controlled metallothermic re-
ductions in molten salts containing multivalent 
species. 
RI 6163. Ohemical and Physical Beneficiation of 
Florida Phosphate Slimes, by James H. Gary; 1. L. 
Feld, and Edward G. Davis. 1963. 35 pp. 19 figs. 
Presents (lata on the composition a,nd physical prop-
erties of Florida land-pehhle phosphate-waste slime 
and discusses the feasibility of dewatering and 
beneficiating the slime by several different meth-
ods. Work done in cooperation with the University 
of Alabama. 
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RI 6164. Design and Development of Precast Con-
crete Mine Supports: A Progress Report, by G. T. 
Krempasky and R. C. Cowles. 1963. 50 pp. 14 
figs. Describes an attempt to develop a suitable 
precast concrete support for underground use, in 
which two different models of a five-piece concrete 
set were designed, fabricated, and tested under ad-
verse loading conditions. Discusses test results and 
details of designs. First in a series on precast 
concrete mine supports. 
RI 6165. Noise From Pneumatic Rock Drills. Meas-
urement and Significance, by William C. Miller. 
1963. 30 pp. 19 figs. Describes investigations by 
the Bureau of Mines designed to establish the noise 
level and spectrum of various types of pneumatic 
rock drills and to furnish information that would 
be useful in conducting sound measurements in min-
ing environments and in reducing the noise gener-
ated in pneumatic drilling. 
RI 6166. Oxidation of Colorado Oil Shale, by W. 
E. Robinson, D. L. Lawlor, J. J. Cummins, and J. I. 
Fester. 1963. 33 pp. 2 figs. Gives new informa-
tion about the chemical structure of organic kerogen 
in oil shale, obtained by oxidizing samples .of raw 
oil shale and kerogen concentrates by alkaline 
potassium permanganate, air, nitric acid, oxygen, 
and ozone. Work done in cooperation with the 
University of Wyoming. 
HI 6167. Analyses of Brines From Oil-Productive 
Formations in Mississippi and Alabama, by M. E. 
Hawkins, O. W. Jones, and C. Pearson. 1963. 22 
pp. 6 figs. Presents in tabular form mineral anal-
ysis and electrical resistivity measurements of 324 
representative samples of oilfield brines from 24 
oil-productive counties in Mississippi and Alabama. 
Chemical analysis of formation waters is helpful 
to operators having water problems associated with 
petroleum recovery. Electrical resistivity values 
are helpful in making interpretations from logs. 
Work done in cooperation with the Mississippi State 
Oil and Gas Board. 
RI 6168. An Improved Gravimetric Method for An-
alyzing Blast Furnace Top Gas, by David J. Kus-
ler. 1963. 21 pp. 10 figs. Describes a gravi-
metric method for determining carbon dioxide, 
carbon monoxide, hydrogen. methane, and oxygen 
in blast furace top gas. Nitrogen m.ay be deter-
mined directly by volume measurement or by dif-
ference. Method is direct, permits continuous sam-
pling, and provides an averaged analysis over a 
selected range of sampling intervals from one-half 
to 24 hours or more. Does not require expensive 
equipment or specialized equipment, and· results 
compare favorably with those of established 
methods. . 
RI 6169. Investigations of Stresses in a Drill Bit 
and Rock Under Static Loads, by Albert J. Ram-
bosek and James B. Williams, Jr. 1963.21 pp. 
17 figs. Presents the results of a study of the 
stres~ conditions existing in a drill bit-point area 
and in the underlying rock, when the bit was in 
full but nonpenetrative contact with the rock. The 
photoelastic technique of experimental stress analy-
sis was the principal method used to obtain the 
data. 
RI 6170. Effect of Indium on the Solid Solubility of 
Calcium and of Silicon in Magnesium, by R. L. 
Crosby and K. A. Fowler. 1963. 11 pp. 4 figs. 
Gives data on the solid solubility of calcium and 
of silicon in magnesium, using metallographic, X-
ray diffraction, and electrical resistivity techniques . 
. A .. c1ding 2 weight-percent or more of indium reduced 
the solid solubility of calcium in magnesium by 
forming a compound containing indium and cal-
cium, but indium additions have no perceptible 
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effect on the solid solubility of silicon in mag-
nesium. 
RI 6171. Heats and Free Energies of Formation 
of Barium Oxide and Strontium Oxide, by .A.lla D. 
1\IIah. 1963. 8 pp. Combustion energies of barium 
and strontium were measured by means of the com-
bUstion calorimeter. Tables containing heats and 
free energies of formation from 298.15 0 to 2,000° 
K were prepared. 
RI 6172. Flotation of Ilmenite From Virginia Sap-
rolite and Unweathered Diorite Ores, by Vernon 
F. Swanson. 1963. 8 pp. Describes an investiga-
tion of flotation procedures to recover ilmenite from 
a diorite deposit located in .Amherst County, Va. 
Flotation of the ilmenite from the unaltered sam-
ple was successful in producing commercial-grade 
concentrate at good recovery. 
RI 6173. Recovery of Beryllium From Spor Moun-
tain, Utah, Ore by Solvent Extraction and Caustic 
Stripping, by Laird Crocker, R. O. Dannenberg, D. 
W. Bridges, and J. B. Rosenbaum. 1963. 27 pp. 
6 flgs. Describes a study of beryllium recovery 
from sulfate leach liquor by di-2-ethylhexyl phos-
phate solvent extraction in conjunction withcaus-
tic stripping. Over 90 percent of the beryllium 
contained in the leach liquor was recovered as 
beryllia. 
RI 6174. Pressure Forming of Aluminum Oxide, by 
Sara Janes Boles and Edwin E. Maust, Jr. 1963. 
14 pp. 4 figs. Gives data on the effect of liquid 
content on the apparent porosity and bulk density 
of compacts pressed from high-purity fused alu-
minum oxide and stUdies the actual mechanism by 
which the liquid content affects the bulk density. 
Water content varied from 7 percent to 25 percent, 
and data gathered indicated a well-defined opti-
mum water content for obtaining minimum appar-
ent porosity and maximum bulk density. 
RI 6175. High-Temperature Heat Contents and En-
tropies of the Sesquioxides of Erbium, Holmium, 
Thulium, and Ytterbium, by L. B. Pankratz and 
E. G. King. 1963. 8 pp. 2 figs. Gives measure-
ments of the heat contents of the sesquioxides of 
erbium, holmium, thulium, and ytterbium in the 
cubic crystalline form over the temperature range 
from 298 0 to 1,800° K. The heat content results 
are presented in both tabular form (at 1000 K in-
tervals) and in algebraic form. Entropy incre-
ments, corresponding to the heat content results, 
also are listed. 
RI 6176. Computing Ore Reserves by the Triangu-
lar Method Using a Medium-Size Digital Com-
puter, by Richard ~. Hewlett. 1963.30 pp. 3 figs .. 
The computer program was written for· the IBM 
650, augmented with floating-point arithmetic, in-
dex registers, care storage, and an online 407 
printer. Appendix provides charts of program. 
RI 6177. Heats and Free Energies of Formation of 
Vanadium Nitride and Vanadium Carbide, by AlIa 
D. Mah. 1963. 8 pp. Reports new experimental 
values of the heats of formation of vanadium ni-
tride and vanadium carbide. Data have greatly 
reduced the uncertainties and will result in greatly 
improved thermodynamic calculations involving 
nitride and carbide of vanadium. 
RI 6178. Vapor-Liquid Equilibria for a Helium-
Nitrogen-Methane System, by W. J. Boone, Jr., Will 
E. DeVaney, and Lowell Stroud. 1963. 19 pp. ·9 
figs. Reports experimental determinations of 
vapor-liquid equilibria data for a helium-nitrogen-
methane system. The mixture composition approxi-
mates the crude helium that eventually will be 
further refined to obtain pure helium. The experi-
mental data presented in this report supplement 
the information available for the binary systems. 
RI 6179. Iron-Catalyzed Hydrogenation of Phenyl 
Ether, Benzyl Ether, and Phenyl Sulfide, by Walter 
Kawa and Raymond W. Hiteshue. 1963. 17 pp. 1 
fig. Gives results of studies of hydrogenation of 
phenyl ethel', benzyl ether, and phenyl sulfide in the 
presence of iron catalysts which was undertaken to 
gain a better understanding of the role of iron cata-
lysts in the hydrogenation of coal. Experiments were 
made in batch autoclaves for 4 hours; hydrogen was 
at a pressure of 540 atmospheres. 
RI 6180. Thermal Expansion of the Oxides of Yt-
trium, Cerium, Samarium, Europium, and Dyspro-
sium, by Roy L. Wilfong, Louis P. Domingues, 
LeRoy R. 'Furlong, and Joseph A. Finlayson. 1963. 
25 pp. 11 figs. Gives the linear expansion of high-
purity oxides of yttrium, cerium, samarium, euro-
pium,' and dysprosium determined by the interfero-
metric method for the temperature range 25° to 
1,000° C. Investigation of the interferometric tech-
nique showed the interferometer to be a precision 
tool, but only when adequate precautions, ,vhich are 
described, were taken. 
RI 6181. A Replica Electron Microscopic Method 
for Measuring Knoop Hardness Indentations, by 
Charles W. Huggins and C. W. Houck. 1963. 15 
pp. 16 figs. Gives results of a study of Knoop 
hardness indentations on TiB2' ruc, and AIBlil 
crystals. The indentations, replicated with collo-
dion and Fax:film, were studied and measured with 
the electron microscope. Resulting data showed ex-
cellent agreement between the measurements made 
on the replicas with the electron microscope and 
those made with the optical microscope. 
RI 6182. . Analysis of High-Purity Vanadium by Op-
tical Emission Spectrography, by Lloyd Carpenter 
and Kathleen Hazen. 1963.' 16 pp. 4 figs. Gives 
determination of 18 elements in vanadium metal 
and its compounds by an optical emission spectro-
graphic procedure. Average precision of method 
was 15.6 percent relative standard deviation and 
relative error was 4.4 percent. 
RI 6183. Experiments in Using an Electrochemi-
cal Cell to Analyze High-Purity Iron, by H.W. 
Kilau and J. P. Hansen. 1963. 11 pp. 5 figs. 
Explores. the feasibility of an electrochemical tech-
nique for the analysis of high-purity iron. Some 
degree of success was achieved with a high-tem-
perature cell having a molten-salt electrolyte com-
posed of 0.5 percent of FeCl2 and eutectic mixture 
of KCl-LiCl. The electrodes were composed of 
99.4910 and 99.4016 percent iron. 
RI 6184. Physical Structure of Green River Oil 
Shale From Colorado, by P. R. Tisot and W. I. R. 
Murphy. 1963. 24 pp. 6 figs. Analyzes oil shale 
in regard to distribution of organic carbon, grade 
limits, particle designation, surface area and pore 
volume of particles, surface area and pore volume 
of mineral constituents, amount of organic matter 
in contact with mineral constituents, and other 
factors. Work done in cooperation with the Uni-
versity of Wyoming. 
RI 6185. Gas Explosion Hazards Associated With 
the Bulk Storage of Molten Sulfur, by Aldo L~ 
Furno, George H. Martindill, and Michael G. Za-
betakis. 1963. 11 pp. 7 figs. Shows that suffi-
cient quantities of combustible vapors are released 
by some molten SUlfurs to produce flammable at-
mospheres during prolonged storage. Hydrogen 
sulfide and carbon disulfide appear to be the prin-
cipal flammable constituents in the vapor space 
above molten sulfur. If sufficient carbon disulfide 
is present, ignition of the vapor-air mixtures can 
occur spontaneously on contact with the heated 
surfaces found within storage tanks. Work done 
in cooperation with the Texas Gulf Sulphur Co. 
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RI 6186. Recovery of Low-Silica Cryolite From 
Siliceous Fluoride Offgases, by Arden D. Fugate 
and Robert K. Koch. 1963. 14 pp. 4 figs. Gives 
results of a study to determine a feasible process 
for converting siliceous fluoride offgases to a com-
mercially usable product. An electrolytic-grade 
cryolite was recovered, a product containing 97 to 
100 percent of the fluorine was obtained, and 94 to 
99 percent of the theoretical yield was realized. 
RI 6187. Selective Flotation of Barite-Fluorspar 
Ores From Kentucky, by James S. Browning, W. H. 
Eddy, and Thomas L. McVay. 1963. 15 pp. 2 figs. 
Describes laboratory batch and continuous pilot 
plant tests made to demonstrate the feasibility of 
recovering high-grade barite and. fluorspar con-
centrates from two deposits. The fluorspar con-
centrates were of acid-grade quality; the barite 
met the specifications for material used to increase 
the density of oil-well-drilling muds. Work done 
in cooperation with the University of Alabama. 
RI 6188. Effects of Mechanical Properties of Mate-
rial on Cratering: A Laboratory Study, by J. Bur-
lin Johnson and R. L. Fischer. 1963. 24 pp. 11 
figs. Describes an investigation of the relationship 
between crater dimensions formed in laboratory 
blasting experiments and the mechanical properties 
of the material cratered., Scaled field data have 
been included when available. The results show 
that tensile strength and possibly other properties 
may be useful in predicting maximum crater di-
mensions. 
RI 6189. Effect of Ions Common to Natural Water 
on Flotation of Limestone, by W. W. Agey, H. B. 
Salisbury, and P. L. Placek. 1963. 25 pp. Describes 
the fundamental research undertaken to define and 
measure the adverse and/or beneficial effects of 
different concentrations and combinations of several 
common ions and cations when oleic acid is used 
to froth-float limestone from a pulp of quartz and 
limestone. A satisfactory test procedure was de-
veloped by which significant factors could be con-
trolled and' reproducible results aCbieved~ . 
RI 6190. Flammability of Trichloroethylene, by G. 
S. Scott. 196.3. 5 pp. 1 fig. Gives determination 
of the flammability of trichloroethylene vapors in 
air in a 7-inch cylindrical vessel. Saturated flam-
mable mixtures were formed with air at atmos-
pheric pressure between 30° and 82° C; the tri-
chloroethylene concentrations were 12.5 and 90 
volume-percent, respectively. 
RI 6191. Low-Temperature '. Heat Capacities and 
Entropies at 298.15° K of Sodium Dimolybdate and 
SodIum Ditungstate, by W. W. Weller and K. K. 
Kelley. 1963. 5 pp. 1 fig. Heat capacities were 
measured over the temperature range from 510 
to 2980 K. The entropies were calculated from the 
heat c3!padty values and were 'used, in conjunc-
tion with other entropy data, to evaluate the en-
tropies of formation of the compounds from their 
constituent elements and oxides. 
RI 6192. Supercompressihility Factors for Helium-
Nitrogen Mixtures, by John E. Miller and Lowell 
Stroud. 1963. 242 pp. Tabulates supercompressi-
biIity factors derived from experimental compressi-
bility data for five helium-nitrogen mixtures con-
taining from 50 to 100 percent helium. 
RI 6193. Oxidation Leaching of Copper Sulfides in 
Acidic Pulps at Elevated Temperatures and Pres-
sures, by Martin H. Stanczyk and Carl Rampacek. 
1963. 15 pp. 3 figs. Gives results of laboratory 
investigation of acid leaching of selected copper 
sulfide minerals, impure copper sulfide flotation con-
centrates, and a cement copper precipitate at ele-
vated temperatures and pressures. Copper extrac-
tions of 97 to 99 percent were obtained by leaching 
chalcopyrite and the flotation concentrates with wa-
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ter under oxidizing conditions at 2000 C for 30 to 
60 minutes. In tests with bornite,· chalcocite, and 
cement copper, addition of sulfuric acid or pyrite 
to the autoclave was required to obtain similar 
copper extractions. 
RI 6194. Fischer-Tropsch Oil-Circulation Process: 
Experiments With a Massive-Iron Catalyst, by D. 
Bienstock, A. J. Forney, and J. H. Field. 1963. 
20 pp. 7 figs. Describes a massive-iron catalyst 
resistant to oxidation and spalling and having a 
6-month catalyst life. This rugged catalyst was 
developed to withstand the hydraulic attrition re-
sulting fr.om the oil-circulation process for synthesiz-
ing liquid fuels. 
RI 6195. Radiotracer Applications in Electrometal-
lurgical Processing, by Kenneth G. Broadhead and 
Howard H. Heady. 1963. 14 pp. 2 figs. Describes 
four radiotracer applications to special metallurgi-
cal research problems. The solutions of these prob-
lems were generally of an analytical nature. How-
ever, in electrowinning tungsten, the feasibility of 
using a tracer technique as a control method was 
also demonstrated. The procedures and techniques 
developed were both rapid and accurate, and pro-
vided data that would have been difficult, or im-
possible, to obtain by conventional methods. 
RI 6196. Reservoir Oil Characteristics, Greater 
Aneth Area, Utah. Unusual Saturation-Pressure 
Variations, by R. F. Zaffarano, C. Q. Cupps, and 
J. Fry. 1963. 61 pp. 10 figs. Gives data on the 
characteristics of the reservoir oil· in this area of 
the Paradox basin, results of a study made to detect 
variation in oil characteristics within the reservoir 
and to determine its relation to age of accumulation 
and fluid equilibrium. Presents individual subsur-
face sample ·analyses not previously published and 
a consolidated analysis of the reservoir oil in the 
greater Aneth area. 
RI 6197. Heats and Free Energies of Formation 
of Vanadates of Lead and Manganese, by K. K. 
Kelley, L. H. Adami, and E. G. King. 1963. 9 pp. 
Gives the heats of formation of two lead vanadates 
and manganese vanadate determined by hydro-
chloric acid solution calorimetry, which supple-
ment previous Bureau measurements of the vana-
dates of calcium, magnesium, and sodium. Heat 
and free energy for 11 vanadates were assembled 
on a common basis. The stability of comparable 
vanadates (with respect to the oxides) increases 
in the following order: Magnesium, manganese, 
lead, calcium, sodium. 
RI 6198. Thermodynamic Data for Gallium and 
Scandium Sesquioxides, by L. B. Pankratz and 
K. K. Kelley. 1963. 7 pp. 2 figs. High-tempera-
ture heat content values of these sesquioxides were 
obtained over the temperature range from 2980 
to 1,800° K. No similar data existed previously. 
These values were combined with heats and· entro-
pies of formation to 'Obtain free energies of formation 
of the sesquioxides to 2,0000 K. The thermodynamic 
stabilities of the sesquioxides .of aluminum, gallium, 
scanrlium, and yttrium were compared. 
RI 6199. Anionic Flotation of Silica From Goethitic 
Iron-Bearing- Materials, Cuyuna Range. Minn., by 
P. A. Wasson, R. T. Sorensen, and D. W. Frommer, 
1963. 11 pp. Gives results of batch laboratory 
tests made on four goethitic iron-bearing samples 
from the Cuyuna range that showed that the 
anionic method for silica flotation could be used to 
concentrate these materials. Iron recoveries ranged 
from about 71 to 85 percent, but recoveries as high 
as 94 percent could be obtained by reclaiming iron 
in the middlings. 
RI 6200. Thermoelectric Properties of Enargite-
Type Compounds, by Raymond L. Carpenter, John 
S. Murray, and Thomas D. Roberts. 1963. 8 pp. 
2 figs. Gives data on the thermal conductivity, elec-
trical resistivity, and Seebeck coefficient for nine 
compounds, based on the formula for enargite 
OUsAsSs, which were measured in a search for 
efficient materials to be used in thermoelectric 
generators or refrigerators. Results indicate that 
the compound CUaSbSe4 has thermoelectric properties 
approaching those of bismuth telluride. 
RI 6201. Determination of Tellurium, by W. L. An-
derson and H. E. Peterson. 1963. 9 pp. Describes 
modification of standard tellurium analytical pro-
cedures to obtain greater sensitivity. Resulting 
volumetric and spectrophotometric methods for de-
termining tellurium in all types. of tellurium-
containing materials are described. 
RI 6202. Infrared Studies of Oleic Acid and Sodium 
Oleate Adsorption on Fluorite, Barite, and Calcite, 
by .A. S. Peck. 1963. 16 pp. 10 figs. Define the 
mechanism involved in the adsorption of oleic acid 
and sodium oleate on fluorite, calcite, and barite, 
using an infrared spectrophotometer for identifying 
and measuring the adsorbed reagents and reaction 
products. Work done in cooperation with the Uni-
versity of Utah. 
RI 6203. Studies on the Bullet Sensitivity of Am-
monium Nitrate-Fuel Oil Mixtures, by C. M. Mason, 
J. Ribovich, and R. W. Van Dolan. 1963. 22 pp. 
13 figs. For the three rifles used, the order of effi-
ciency in initiating detonation in AN-FO mixtures 
was 220 Swift >300 Weatherby Magnum >30-'06. 
The velocity of the bullet was found to be a de-
cisive factor in the initiation. The sensitivity of 
various materials studied increased as follows: 
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Clay-coated prills with 4 percent oil <fresh sur-
factant-coatedprills with 4 or 6 percent oil 
<surfactant-coated prills with 4 or 6 percent oil 
and aged 270 days <crushed prills with 6 percent 
oil <very~low-density, surfactant-coated prills 
(micronized), with 4 percent oil. 
RI 6204. Measurements of Surface Subsidence, San 
Manuel Mine, Pinal County, Ariz., by George H. 
Johnson and John H. Soule. 1963. 36 pp. 26 figs. 
Summarizes the results of an investigation of sur-
face subsidence above caving blocks at the San 
Manuel mine in order to obtain quantitative infor-
mation on subsidence and ground movement caused 
by mining large volumes of ore. Angles of bl"eak 
varied from 53 0 to 95 ° (a reverse angle), and an-
gles of SUbsidence range from 640 to 95°. Ratio of 
volume of material mined to the volume of the 
surface subsidence is about 1.44 to 1. This investi-
gation is part of an overall study of rock mechan-
ics undertaken by the Bureau. 
RI 6205. Chelating Agents in Separation of Rare-
Earth Compounds by Solvent Extraction With 
Amines, by A. C. Rice. 1963. 16 PP. 11 figs. Sep-
aration factors between rare-earth elements ob-
tained by solvent extraction with amines are 
enhanced by the addition of aminopolyacetic chelat-
ing agents. Adding EDTA or DCTA to the extrac-
tion improves separation factors for elements in 
both the cerium and yttrium groups. HEDTA is 
effective for improving sepaartion factors in the 
cerium group elements. 
RI 6206. Pine Flat and Diamond Flat Nickel-
BearingJ-iaterite DepOSits, Del Norte County, Calif., 
by W. T. Benson. 1963. 19 pp. 3 figs. Describes 
an invest:igation of the nickel-bearing laterite de-
posits in the Pine Flat and Diamond Flat nreas 
and the response of the ores to metallurgical treat-
ment. Results indicate that the deposits are com-
paratively smaIl tmd marginal or submarginal in 
grade; metallurgical tests showed that no separa-
tion of cobalt from nickel and iron was made by 
sizing, but a large portion of the chromium was 
separated. W'Ork was d'One in c'O'Operati'On with the 
Calif'Ornia-Oregon Power Co. 
Rl 6207. An Electrical Method for the C'Ontinuous 
Measurement 'Of Propagation Velocities in Explo-
sives and Propellants, by F. C. Gibson, M. L. B'Ow-
ser, C. R. Summers, and F. H. Scott. 1963. 8 pp. 
8 figs. Describes an electrical method for the con-
tinouous determination 'Of propagation velocities 
in opaque, confined explosives and propellants. The 
method is applicaole to both solids Bnd liquids. 
Rl 6208. A Mobile Spectroscopic Laboratory f'Or 
Reconnaissance and Exploration, by E. C. Pattee 
and R. D. Weldin. 1963. 22 pp. b figs. A mobile 
laborat'Ory provides rapid and inexpensive means 
'Of field testing samples for beryllium and other 
associated metals 'Of p'Ossible cOD":mercial impor-
tance. 
RI 6209. Design and Constructi'On of a Laboratory-
Scale Fluidized-B~d Reactor, by B. K. Shibler and 
D. A. Martin. 1963. 15 pp. 9 figs. A highly flexi-
ble lab 'Oratory-scale fluidized-bed react'Or was de-
signed, constructed, and successfully operated con-
tinu'Ously at temperaturt:!s up t'O 1,3000 C during 
an investigati'On· of thermal meth'Ods for decom-
posing gypsum. 
RI 6210. Effects of Water Injection on Oil Recov-
ery in C'Ooke and Grayson C'Ounties, Tex., by Frank 
Parrish, Jr. 1963. 82 pp. 59 figs. Presents the 
history and the performance data of 17 water-
injection projects in the etrawn and Cany'On sands. 
The purpose was to study and compare operating 
practices and 'Oil-recovery techniques. Work d'On~ 
in c'Ooperation with the North Texas Oil and Gas 
Association. 
RI 6211. Physical and Chemical Properties' 'Of Some 
Pacific Northwest Halloysitic Clays, by Hal J. 
Kelly, Ge'Orge J. Carter, and Thomas R. Rehm. 
1963. 32 pp. 19 figs. Investigates problems that 
developed in processing halloysitic clays fr'Om east-
ern Washington and northern Idaho. C'Ompares 
the defl'Occulating effect 'Of tetra sodium pyrophos-
phate with that 'Of several other compounds and 
explains the advantages of s'Odium pyroph'Osphate. 
The adsorption of the sodium i'On was established 
by a radi''Otracer technique, and the defl'Occulating 
action of sodium pyrophosphate was postulated. 
These clays and a kaolinite clay sample were dis-
aggregated effectively by high-pressure liquid ex-
trusion and slightly les" effectively by plastic 
extrusion and/or ball mHHng. 
RI 6212. A Metal Diaphragm Apparatus for Meas-
uring Vapor Pressures. Vapor Pressure of Arsenic 
(III) Oxide, by F. D. Stevenson and C. E. Wicks. 
1963. 19 pp. 19 figs. A metal diaphragm pres-
sure relay system was constructed t'O measure va-
por pressures of the metal halides, oxyhalides, and 
'Other substances at temperatures up to 7000 or 8000 
C. The vapor pressure of arsenic (III) oxide wa~ 
determined to verify the reliabili';Y of the apparatus 
for such measurements .. Work done in co'Operati'On 
wah Oregon Sf'ate University. 
RI 6213. Flotation Concentrati'On 'Of a Complex 
Barite-Fluorspar Ore, .by P. A. Bloom, W. A. Mc-
Kinney, and L. G. Evans. 1963. 16 pp. 3 figs. 
Demonstrates the feasibility of the lignin-fluoride-
cetyl sulfate method for selective flotati'On of fluor-
spar and barite from a complex Arizona ore con 
taining 24.8 percent fluorspar and 24.3 percent 
barite. The products met specifications for acid·· 
grade fluorspar and drilling-mud-type barite. 
RI 6214. Reconnaissance of Beach Sands, Bristol 
Bay, Alaska, by Robert V. Berryhill. 1963. 48 
pp. 15 figs. Gives data on spot samples fr'Om some 
beaches along the shores of the Alaska Peninsula 
that indicated small dep'Osits containing up to 10 
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'Percent recoverable titaniferous magnetite. Some 
larger dep'Osits were indicated to contain from 1 to 
2 percent total heavy metal, principally as titanif-
erous magnetite. Significant am'Ounts of other com-
mercial minerals were not detected. 
RI 6215. Segregation of C'Opper Ores by Direct-
Firing Meth'Ods, by W. A.. McKinney and L. G 
Evans. 1963. 15 pp. 7 figs. Describes a new 
method of segregating c'Opper ores by using a 
direct-fired, refractory-lined r'Otary kiln instead of 
the more complicated indirect-fired stainless steel 
kiln. Batch trials 'Of the new technique yielded 
flotation concentrates containing from 17 to 45 
percent copper, representing 84 t'O 94 percent 
recovery. 
RI 6216. Statistical Analysis of Churn-Drill and 
Diamond-Drill Sample Data From the San Manuel 
Copper Mine, Ariz'Ona, by Scott W. Hazen, Jr. 1963. 
124 pp. 56 figs. 'Presents re,sults 'Of a study and 
statistical analysis of part of the initial explora-
ti'On churn-drill sampling and some of the subse-
quent underground diam'Ond-drill-c'Ore sampling ill 
the North ore body at the San Manuel copper mine, 
Ariz'Ona. Investigates the feasibility 'Of using the 
techniques of statistical analysis in evaluating sam-
ple and assay data' and c'Omputing grade a1ld ton-
nage 'Of ore from porphyry-type c'Opper deposits. 
RI 6217. Examination of an Experimental Iron 
Blast Furnace After Quenching With Nitrogen, by 
J. P. M'Orris and P. L. W'O'Olf. 1963. 86 pp. 17 
figs. Gives analyses 'Of 500 samples taken from the 
stack, bosh, and hearth when the experimental 
furnace in n'Ormal operati'On was quenched by sub-
stituting cold nitrogen for the h'Ot blast air. Makes 
deducti'Ons as to the patterns of burden m'Ovement 
and gas flow, the reducti'On of iron 'Oxides, and the 
behavior of sulfur above the smelting z'One. Data· 
upon which the report is based were' 'Obtained dur-
ing a cooperative project with the United States 
Steel Corp. 
RI 6218. Mount Gran Coal Deposits, Victoria Land, 
Antarctica, by J'Ohn J. Mulligan and Others. 1963. 
66 pp. 38 figs. Presents data on Antarctic de-
p'Osits 'Of anthracites or semianthracites. This is 
the first of a series of Bureau rep'Orts on Antarctic 
coal. The project was sponsored by the Nati'Onal 
Science F'Oundation and laborat'Ory work was done 
by the Geological Survey and the Bureau 'Of Mines. 
RI 6219. Beneficiati'On of Aluminum Plant Resi-
dues, by R. S. McClain and G. V. Sullivan. 1963. 
17 pp. 3 figs. Presents results 'Of continu'Ous-cir-
cuit flotati'On and batch-scale precipitation tests 
made t'O determine rejecti'On of carbon residues. 
Gasoline and turpentine were satisfact'Ory for float-
ing carbon from both fresh water and saturated 
solution systems. Soluble fluorine and aluminum 
compounds were recovered by precipitation with 
s'Odium aluminate and carbon dioxide. Results 
show that a fl'Otation-precipitati'On method f'Or treat-
ing aluminum red.uction plant residue is potentially 
feasible for industrial applicati'On. 
RI 6220. Synthesis of Fibr:ous Silicon Carbide by 
Thermal Reduction of Silicates and Silicon Com-
pounds, by John K. Alley, Robert C. Johnson, 
Charles Huggins, and H. R. Shell. 1963. 19 pp. 9 
figs. Describes the pr'Oduction of fibrous silic'On 
carbide by thermal decompositi'On of certain silicates 
contained in graphite crucibles. Induction heating 
was used to pr'Oduce the necessary temperature and 
thermal gradients. 
RI 6221. Effects of Hydraulic Fluids in Spontaneous 
Heating of Coal, by Allan F. Smith, Henry P. 
Barthe, and Samuel P. Polack. 1963. 16 pp. 10 
figs. Gives results of the measurement 'Of tempera-
ture increases produced in coal-hydraulic fluid mix-
tUres that were heated t'O a temperature sufficient 
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for the initiation of self-heating. Compares results 
with those of similar tests made on as-received coal 
samples and water-coal mixtures. Data provide a 
basis for predicting the possible effects in gob or 
carbonaceous refuse of coal mines. 
RI 6222. Vapor Phase Oxidation for Hydrocarbons 
in Low-Temperature Coal Tar, by John S. Berber 
and Arthur L. Hiser. 1963. 15 pp. 4 figs. De-
scribes research on the production of phthalic anhy-
dride by vapor phase oxidation of hydrocarbons. Of 
six catalysts tested, vanadium pentoxide proved to 
be the most effective from the point of conversion 
yield and catalytic. life. 
RI 6223. Concentration of Fine Mica, by James _ S. 
Browning and Thomas L. McVay. 1963. 7 pp. 1 
fig. Gives results of laboratory and pilot plant 
fiotation studies that demonstrated the feasibility 
of producing a mica concentrate from crushing and 
screening tailings that contained 17 percent mica. 
Products containing about 98 percent mica were 
obtained by flotation, whereas wet-tabling and ag-
glomeration-tabling methods yielded a product con-
taining about 95 percent mica. Work done in ,co-
operation with the University of Alabama and Dixie 
Mines, Inc., Heflin, Ala. 
RI 6224. Magnetic Susceptibility of Siderite, by H. 
E. Powell and C. K. Miller. 1963. 19 pp. . 3 figs. 
Describes a laboratory investigation to study the 
magnetic characteristics and to measure the mag-
netic susceptibility of the mineral siderite. Gives 
susceptibility measurements; made by the Gouy 
method on powdered samples at room temperature, 
of siderite from 15 foreign arid domestic sources. 
Discusses the relation of magnetic susceptibility to 
mineral composition. 
RI 6225. Two-Stage Electric Furnace Smelting of 
High-Iron Manganiferous Materials for-Producing 
Ferromanganese, by F. B. Peterman and R. S. Lang. 
1963. 10 pp. 1 fig. Gives .results of two-stage 
electric smelting tests on high-iron manganiferous. 
materials from the Pioche district, Nevada, and the 
Cuyuna range, Minnesota. Ferromanganese pro-
duced was high in silicon but otherwise metspecifi-
cations. The overall recovery of manganese was 
about 70 percent from the Pioche concentrate and 
about 50 percent from the Cuyuna concentrate. 
RI 6226. Electrowinning Uranium Oxide,by D~ G. 
Kesterke, L. W. Schramm, R. G. Knickerbocker, and 
T. A. Henrie. 1963. 10 pp. 3 figs. Describes re-
search on the electrolytic reduction of uranium 
dioxide to molten uranium in fluoride baths at ap-
proximately 1,200°C. Over 1,000 grams of metal 
of 99.S-percent purity was made in some tests. 
Effects of cell design, geometry, and bath composition 
were investigated. Work done in cooperation with 
U.S. Atomic Energy Commission. 
RI 6227. Preparation Characteristics of Coal From 
Mercer County, W. Va., by Albert W. Deurbrouck. 
1963. 23 pp. 3 figs. Describes the preparation 
characteristics of the significant coalbeds in Mercer 
county. Of the six samples collected from the three 
producing coalbeds-Pocahontas Nos. 3, 6, and 11-
four were of metallurgical quality as mined and 
two could be upgraded by washing at suitable spe-
cific gravities. 
RI 6228. Lead and Barium Disilic Fluormicas, by 
John L. Miller, Jr., I. L. Turner, and H. R. Shell. 
1963. 9 pp. Describes the synthesis of lead and 
barium disilic fluormicas and gives data on their 
properties including unit-cell parameters from X-ray 
diffraction, optical data, chemical composition, den-
sity, melting points, and chemical and dielectric 
properties. Both the lead and barium micas yielded 
poly crystalline machinable ceramics with excellent 
mechanical and dielectric properties. 
RI 6229. Methods for Producing Alumina _ From 
Clay. An Evaluation of Three Sulfuric Acid Proc-
esses, by Frank A. Peters, Paul W. Johnson, and 
Ralph C. Kirby. 1963. 57 pp. 24 figs. Evaluates 
three processes designed to leach alumina as alumi-
num sulfate from calcined clay with sulfuric acid 
and purify the filtrate from the leaching by (1) an 
electrolytic iron-removal process, (2) a chemical 
iron-removal process, or (3) an ethanol pUrification 
process. Gives estimated capital and operating costs 
and recommendations for additional research and 
development to improve the processes and to lower 
their costs. . 
RI 6230. Reclaiming S-816 High-Temperature Alloy 
Scrap, by L. W. Higley, Jr. 1963. 12 pp. 8 figs. 
Gives results of tests that show that a cobalt-base, 
multicomponent, high-temperature alloy, such as 
S-816, can be successfully melted from scrap and 
its specified chemical compOSition can be retained. 
The scrap material, after melting, forging, and heat 
treatment, was equivalent in room-temperature ten-
sile strength, in high-temperature creep and stress-
rupture properties, and in chemical composition to 
commercially produced S-816 alloy made from vir-
. gin material. 
RI 6231. High-Temperature CorrOSion Studies. Nickel 
and Cobalt in Air and Oxygen, by Robert M. Doerr. 
1963. 20 pp. 7 figs. Isothermal oxidation kinetics 
were determined for three grades of nickel and one 
grade of cobalt in air from 800 0 to 1,200° C. The 
oxidation reactions followed approximately the par-
abolicrate law. Volumetric and quartz-helix grav-
imetric methods were used. 
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RI 6232. An Introduction to Statistical Design of 
Experiments in Metallurgical Research, by S. J. 
Hussey, P. L. Placek, and C. H. Schack. 1963. 111 
pp. 10 figs. Presents a discussion of the statistical 
approach to the design of experiments in extractive 
metallurgy and indicates, by concrete examples, how 
and when statistical design is essential for obtain-
ing meaningful data with a minimum number of ex-
periments. The principles involved in using fac-
torial,fractional factorial, composite, randomized, 
and nested designs are described and illustrated by 
means of typical examples. 
RI 6233. Developing a Thermochemical Model for 
the Iron Blast Furnace. Model of Ideal Furnace at 
Equilibrium, by Hillary W. St,Olair. 1963. 38 PP. 
12 figs. First progress report on a theoretical study 
of the iron blast furnace intended to develop a 
. thermochemical model to simulate mathematically a 
real furnace. Analysis is made of a hypothetical 
furnace, operating adibatically on pure ferric oxide, 
graphitic carbon, and dry air; analyses are' made 
for two contrasting types of gas flow, nonturbulent 
(having no vertical mixing) and turbul~nt. 
RI 6234. Statistical Analysis of Diamond-Drill Sam-
ple Data from the Cebolla Creek Titaniferous Iron 
Deposit, Gunnison County, Colo., by R. D. Berken-
kotter and Scott W. Hazen, Jr. 1963. 59 pp. 8 
figs. Titanium and iron assays obtained from cores 
of three diamond-drill holes from the Cebolla Creelr 
titaniferous iron deposit were evaluated by statisti-
cal techniques to obtain information concerning the 
mineral characteristics of the deposit and to make 
a preliminary determination of sampling require· 
ments for the deposit. 
RI 6235. Water-Swelling Synthetic Fluormicas aml 
Fluormontmorillonoids, by Robert C. Johnson and 
Haskiel R. Shell. 1963. 57 PP. 12 figs. Describes 
water-swelling fluormicas and fluormontmorillonoids 
which were shown by electron microscopy, X-ray 
diffraction, and chemical analysis to be typically 
two-silica-layer platy compounds. The work was 
performed, in part, under a cooperative agreement 
with the General Services Administration. 
RI 6236. Sulfuric Acid From Sulfur Dioxide ,by 
Autoxidation in Mechanical Cells, by Carl Ram-
pacek and J. B. Clenner. 1963. 24 pp. 7 figs. De-
scribes investigation of the conversion of dilute 
sulfur dioxide gas into sulfuric acid by autoxida-
tion in mechanical cells of the fiotation or gas ab-
sorber type. Batch and continuous tests demon-
strated the technical feasibility of producing dilute 
sulfuric acid by autoxidation of sulfur dioxide gas 
in mechanicai cells when converting pyrite roaster 
or waste smelter gases. 
RI 6237. Hydrocracking Low~Temperature Tar From 
a North Dakota Lignite, by H. C. Carpenter, P. L. 
Cottingham, C. M. Frost, and W. W. Fowkes. 1963. 
13 pp. 1 fig. Describes hydrocracktp.g of lignite 
tar from a North Dakota lignite in a single-pass, 
fixed~bed operation at 3,000 psi over cobalt molyb-
date catalyst to produce gasoline and, at the same 
pressure, over zinc chromite catalysts to crack the 
high-boiling phenolic compounds to low-boiling 
phenolics. Work done in cooperation with the Uni-
versity of Wyoming. 
RI 6238. Investigation of a Sub bituminous Coal 
Deposit Suitable for Opencut Mining, Beluga River 
Coalfield, Alaska, by Robert S. Warfield. 1963. 100 
pp.. 8 figs. Describes investigation of a geologi-
cally favorable area in the Beluga River coalfield 
to deteI"Dline minable coal reserves to meet the 
projected thermal power needs of the Anchorage 
area. Diamond core drilling indicated reserves of 
more than 20 million tons of coal that could be 
mined by opencut methods. A coal sample, with 4 
volume-percent of clay partings eleminated, con-
tained 24.4 percent moisture and 16.8 percent ash 
and had a caloritlc value of 7,162 Btu per pound. 
Studies indicated that mechanical cleaning would 
be of doubtful value. 
RI 6239. ::Berformance Characteristics of Coal-
Washing Equipment: Concentrating Tables, by A. 
W. Deurbrouck and E. R. Palowitch. 1963. 26 pp. 
4 figs. Gives results of tests in five preparation 
plants using concentrating tables for washing %-
inch to 0 raw coal. The concentrating table is an 
effective fine-coal cleaner even when operating at 40 
percent over the recommended 10-ton.:.per-hour feed 
rate. Recovery efficiencies for the %-inch to 200-
mesh size fraction ranged from 97.3 to 99.3 percent. 
RI 6240. Thermodynamic Properties of Beryllium 
Sulfate From 0 0 to 9000 K, by A. R. Taylor, Jr., T. 
Estelle Gardner, and D. F .. Smith. 1963. 8 pp. 2 
figs. Gives low-temperature heat capacity and en-
thalpy values of beryllium sulfate from 100 to 3000 
K. measured with an adiabatic calorimeter, and 
high-temperature values from 3500 to 9000 K, meas-
ured with a Bunsen-type ice calorimeter. Heat 
capacity, entropy, enthlapy function, and free en-
ergy function values were calculated at 10-degree in-
tervals between 0° and 3000 K, and heat capacity, 
entropy, enthalpy function, and free energy func-
tion values at 50-degree intervals between 300° and 
900 0 K. Work done in cooperation with the Univer-
sity of Alabama. 
R! 6241. High-Temperature Heat-Content and En-
tropy Data for Vanadium Silicide (VaSi), by L. B. 
Pankratz and K. K Kelley. 1963. 5 pp. 1 fig. 
Gives determination of heat content above 298.15° 
K for crystalline vanadium silicide. Presents orig-
inal heat content data and lists smooth values of 
heat content and corresponding entropy incre-
ments for temperature range from 298.15 0 to 
1,500° K. Equations representing heat content 
values and derived heat capacities are also in-
cluded. 
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RI 6242. Yttrium Behavior in Rare:.Earth-Amine 
Extraction Systems f!.nd Effect of Sequestrants,' by 
D. J. Bauer and A. C. Rice. 1963. 16 pp. 15 figs. 
Single-stage separatory funnel tests indicate the 
. feasibility of yttrium separation from rare-earth 
subgroups by judicious selection of operating con-
ditions when Primene 81-R is used as an extract-
ant. EDTA and DTPA are of value in separating 
yttrium from heavy group rare-earth elements. Yt-
trium-ytterbium separation is more effective with 
EDTA, whereas yttrium-dysprosium separation is 
more effectively increased with DTP A. 
RI 6243. Effect of Lead Deposits· on Activity of 
Automotive Exhaust Catalysts, by L. J. E. Hofer, 
J. F. Shultz, and J. J. Feenan. 1963. 22 pp. 6 
figs. Describes nature and extent of poisoning of 
oxidation catalysts by lead deposits derived from 
compounds formed when leaded gasoline is used as 
engine fuel. These catalysts are used to control 
emission of pollutants in automotive exhaust gases. 
Work done in cooperation. with the Public Health 
Service, U.S. Department of Health, Education, and 
Welfare. 
RI 6244. Carbonizing' Properties of Kanawha 
County, W. Va., Coals, by G. W. Birge, D. E. WoIf-
son, and J. H. Lynch, Jr. 1963. 21 pp. 3 figs. 
Investigates the carbonizing properties of 29 samples 
from the Pittsburgh, Lower Kitanning, Stockton-
Lewis, Coalburg, Winifrede, Cedar Grove, Peerless, 
No. 2 Gas, Powellton, and Eagle beds in West Vir-
ginia by the standard method BM-AGA test; Ex-
panding properties of 22 of the coals were deteI"Dlined 
in the Bureau of Mines sole-heated oven. 
RI 6245. Low-Temperature lIeat Capacities and 
Entropies at 298.15° K of the Sesquioxides of 
Scandium and Cerium, by W. W. Weller and E. G. 
King~ 1963. 6 :pp. 1 fig. Gives data on low-
temperature heat capacities of scandium sesquioxide 
and' a mixture of cerium sesquioxide and cerium 
dioxide over the temperature range from 50° to 
2980 K. Entropy of scandium sesquioxide was 
evalUated directly and that of cerium sesquioxide 
was extracted by combining. the heat capacity data 
for the mixture with those from pure cerium 
dioxide. 
RI 6246. Sources and Recovery Methods for Rhe-
nium, by P. E. Churchward and J. B. Rosenbaum. 
1963. 16 pp. 1 fig. The only Significant rhenium 
resource appears to be about 28,000 pounds of rhe-
nium contained in the annual domestic output of 
approximately 20,000 tons of byproduct molybdenite 
concentrates from porphyry copper operations. A 
procedure· was developed in the laboratory for re-
covering rhenium in the form of electrolytic :flake 
by electrowinning metal from a solvent extrac-
tion strip solution. 
tRI 6247. Oxidation of Coal Mine Pyrites, by 
Walter C. Lorenz and Edward C. Tarpley. 1963. 
13 pp. 6 figs. Gives results of a study of samples 
of materials containing pyrite from various coal 
mines and coalbeds to compare their compositions 
and oxidizing characteristics. The oxidation of 
pyrite in solutions of ferric and ferrous sulfate and 
in the presence of an iron-oxidizing bacterium, Fer-
rolJacillu8 terroomiaans, was studied. 
RI 6248. High-Temperature Heat Contents and En-
tropies of Sesquioxides of Lutetium, Dysprosium, 
and Cerium, by L. B. Pankratz and K. K. Kelley. 
1963. 8 pp. 1 fig. High-temperature heat content 
values of pure lutetium sesquioxide and dysprosium 
sesquioxide were measured over the temperature 
rang 298° to 1,800° K. Similar data for cerium 
sesquioxide vvere calculated froDl DleasureDlents of 
a mixture of cerium sesquioxide and dioxide and 
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known values for cerium dioxide. The original 
heat content data are reported, and smooth values 
of heat content and the corresponding increments 
are tabulated. Equations were derived to represent 
the heat content values. 
RI 6249. Studies on the Spectrochemical Analysis of 
Solutions: Use of Carrier-Precipitation and a Filter 
Electrode, by C. L. Chaney and M. J. Peterson. 
1963. 18 pp. 12 figs. Describes a filter-electrode 
technique in which a porous-cup graphite electrode 
is used to collect the precipitate and to serve as 
the sample-containing electrode in the subsequent 
spectrographic analYSis. Gallium hydroxide was 
used as a carrier-precipitant to concentrate metallic 
ions. Analytical curves are given for antimony, 
arsenic, beryllium, and zinc; and sensitivities of 
detection are given for 13 elements. 
RI 6250. Design and Development of a Rock Bolt 
Anchored by Explosive Forming: A Progress Re-
port, by Edward W. Parsons. 1963. 29 pp. 11 fige. 
Describes the design of an explosive-anchored rock 
bolt, ·laboratory tests, and preliminary anchorage 
tests in mines; also presents an evaluation of test 
results.' , 
RI 6251. Heats of Formation of Gehlenite and Talc, 
by R. Barany. 1963. 9 pp. Gives results of ex-
perimental work conducted by the Bureau of Mines 
to obtain the heats of formation at 298.15 0 K of 
gehlenite and talc. Data are reported both in terms 
of the constituent oxides and in terms of the con-
stituent elements. 
RI 6252. Identification of 2,2,5:Trimethylthiacyclo-
pentane and 2,2,5,5-Tetramethylthiacyclopentane in 
Wilmington, Calif., Crude Oil, by C. J. Thompson, 
H. J. Coleman, R. L. Hopkins, and H. T .. RaIl. 
1963. 11 pp. 6' figs. Two sulfur compounds-the 
,2;2,5-trimethyl- and 2,2,5,5-tetramethyl derivatives 
of thiacyclopentane-were identified in Wilmington, 
Calif., crude oil, using microdesulfurization and gas-
liquid chromatography techniques. Work sponsored 
jointly by the Bureau of Mines and the American 
Petroleum Institute. Presented at Oklahoma Tetra-
seCtional Meeting, American' Chemicar-Society,Still-
water, Okla., March 3, 1962. .' 
RI 6253. Installation and Evaluation of Precast 
Mine Supports: A Progress Report, by G. T. Krem-
pasky. 1963. 32 pp. 26 figs. Describes the instal-
lation and evaluation of 18 reinforced concrete sets 
in the Coeur el' Alene mining district, Shoshone 
County, Idaho, and is the second of a series to in-
vestigate the feasibility of a more permanent type 
of mine support. Results tend to corifirm opinion 
that precast mine supports could be used to ad-
vantage in openings that require support and must 
have long life, especially where decay of timber is 
an important factor. The first· report, RI 6164, 
covered the design and development of the supports. 
RI 6254. Vacuum Arc Melting and Casting of Cop':' 
per, by P. G. Clites. 1963. 15 pp. 12 figs. Pre-
sents results of studies maq.e on ingots and castings 
from electrolytic tough pitch copper, electrolytic 
C!athode copper, and oxygen-free copper to deter-
mine the effect of consumable-electrode vacuum arc 
melting on the. removal of impurities from the cop-
per and on its physical properties. 
RI 6255. Experiments With Solid-in-Gas Suspen-
sions as Heat Transport Mediums, by W. T. Abel, 
J. P. O'Leary, D. E. Bluman, and J. P. McGee. 
1963. 18 PP. 11 figs. Describes laboratory tests 
with a closed recycling system to evaluate the effec-
tiveness of solid-in-gas suspensions as heat trans-
port mediums. At low flow rates and light graphite 
loadings, slightly less power was required to trans-
port a given amount of heat with suspensions than 
with helium alone, but heat transfer effectiveness 
decreased at higher solids concentration. 
58 
RI 6256. Radiotracer Studies of Cerium and Sulfur 
Distribution in Steel, by A. A. Cochran and V. R. 
Miller. 1963. 21 pp. 6 figs. Gives data on the 
final distribution of cerium additions to steel, their 
effects on sulfip.e inclusions, and the usefulness ·of 
radiotracer methods in investigating steel prob-
lems. Radiotracer methods were found to be ver-
satile and highly sensitive. 
RI 6257. Oxidizing Pittsburgh-Bed Coal: Effect of 
l?rocessing Temperature and Time, by M. J. Kovalik 
and W. H. Oppelt. 1963. 30 pp .. 20 figs. Gives 
results of a study of the effect of oxidation by air 
at temperatures ranging from 2000 to 3000 C on 
chemical and physical properties of Pittsburgh-bed 
coal as a fUnction of processing time and tempera-
ture. Goal was to prepare anonagglomerating 
fuel from a strongly coking coal for use in con-
tinuous carbonizing processes and in fixed-bed gasi-
fiers. Results indicate that oxidation at a tempera-
ture slightly above the lower lilllit of the plastic 
temperature range would be good because of the 
short processing time reqUIred to destroy the coking 
properties and because of the moderate lJ'rocessing 
losses. 
RI 6258. Sulfatization of Manganiferous Carbonate 
Slates in a Fluidized Bed Reactor, by Charles 
Prasky and G. P. Howard. 1963. 16 pp. 5 figs. 
Describes fluidized-bed techniques for differentially 
sulfatizing the manganese in two samples of low-
grade manganiferous ferruginous carbonate slates 
from the Cuyuna range, Minnesota. Two treatments 
were used, single or two-stage, and both converted 
approximately 80 percent of the manganese to 
sulfate. The two-stage treatment made more effi-
cient use of the sulfur dioxide. 
RI 6259. Metallothermic Reduction of Yttrium 
Halides, By R. E. MussIer, T. T. Campbell, F. E. 
Block, and G. B. Robidart. 1963. 21 pp. 9 figs. 
Gives results of a study of new methods of prepar-
ing hig1:i-purity yttrium metal. Yttrium halides, 
purified by vacuum distillation, were reduced by 
alkali or alkaline-earth metals. Lithium and so-
dium proved to be the best reductants from the 
standpoint of yield, and the sponge metal produced 
was consolidated readily by cold-mold, arc-melting 
procedures. Mechanical tests showed that yttrium 
can be forged, extruded, rolled, spot welded, and 
deep drawn. Work done in cooperation with the 
U.S. Atomic Energy Commission under Contract 
No. AT (11-1)-559. . . 
RI 6260. Heats of Formation of. Two Crystalline 
Hydrates of Ferrous Sulfate, by L. H. Adami and 
K. K. Kelley. 1963. 7 pp. .Presents results of 
solution calorimetry conducted to obtain the heats 
of formation of crystalline FeS04·6.952H20 and 
FeS04 ·1.008H20, from which values were derived 
for the stoichiometric compounds FeS04'7H20 and 
FeS04·H20. Also included are derived values of 
the free energies of formation and dehydration. 
RI 6261. Carbonizing Properties of Ooals From 
Elk, Clarion, Jefferson, Clearfield, and Centre 
Oounties, Pa., by G. W. Birge, D. E. Wolfson, and 
J. H. Lynch, Jr. 1963. 22 pp. 3 figs. Gives results 
of an investigation of the carbonizing properties of 
coals from six beds-Upper Freeport, Lower Free-
port, Upper Kitanning, Middle Kitanning, Lower 
Kitanning, and Brookville-in Pennsylvania by the 
standard BM-AGA carbonization test. Expansion 
or contraction of the majority of the samples was 
measured in the Bureau's sole-heated oven. 
RI 6262. Metallic Binders for Zirconium Diboride: 
Iron, Cobalt, and Nickel, by lV1. E. Tyrrell and C. 
W. Houck. 1963. 17 pp. 8 figs. To evaluate their 
usefulness as binders for zirconium diboride, mix-
tun's of zirconium diboride and iron, cobalt, or 
nickel were resistance sintered to high-density com-
pacts using modified electric welding equipment. 
Each of the zirconium diboride-metal mixtures 
produced brittle cermets, but the hardness was 
generally satisfactory. The sintered compacts were 
e:x:amined in polished section and tested for crush-
ing strength, hardness, micro hardness, oxidation 
rate, and resistance to mechanical shock. 
RI 6263. Recovery of Lead and Zinc From Slimes, 
by J. G. Donaldson. 1963. 15 pp. 3 figs. De-
scribes a bench-scale method for recovering lead and 
zinc from slimes and mill tailings from the Tri-
State district of Missouri, Oklahoma, and Kansas. 
Up to 98 percent of the lead was recovered in an 
electrodeposit assaying approximately 85 percent 
lead. Zinc recoveries up to 90 percent of the total 
were attained in a precipitate assaying approxi-
mately 40 percent zinc. . 
RI 6264. Flash Irradiation of Coal, by C. O. Hawk, 
M. D. Schlesinger, and R. W. Hiteshue. 1963. 7 
pp. 1 fig. Describes experiments on fast heating 
of finely ground coal by irradiation with a flash 
of high-intensity light, produced by an electrical 
discharge at high voltage through a xenon-filled 
tube. Flashes lasted from 2 to 3 milliseconds; re-
action took place in 0.5-inch-diameter by 4-inch-
long tubes; amount of coal charged was 0.1 gram; 
and average particle size was 20 microns. All 
products obtained in quantity were characteristic 
of high-temperature pyrolysis. This is good evi-
dence of a short heating period to very high tem-
peratures (well above 1,000° C) followed by rapid 
quenching. 
RI 6265. A Small AlUmina Reduction Oell, by 
David Schlain, Charles B. Kenahan, and Joseph H. 
Swift. 1963. ,41. pp. 16 figs. Describes a cell de-
veloped for studying the reactions which occur in 
the reduction of alumina by the Hall-Heroult 
process. Operating conditions in the cell such as 
temperature, time, current density, electrolyte com-
pOSition, and electrode materials could be varied 
easily. Aluminum was producd in the cell at a 
current efficiency of about 75 percent and a cell 
voltage of 2.7 volts;. 
RI 6266. Analyses of Crude Oils From the Gulf 
Coast Area of Louisiana and Texas, by O. M. Mc-
Kinney and Edward P. Ferrero. '1963. 173 pp. 
Contains . analyses of 291 samples of crude petro-
leum. Included are 65 analyses from 51 Louisiana 
fields and 226· analyses from 116 Texas fields. The 
analyses represent :Q.elds that produce 1,000 or more 
barrels of oil· per day., The most effective method 
of using the data is to compare analyses of recently 
discovered oils with similar analyses of oils for 
which refining data are available. ' 
RI 6267. Application of the Burnett Method of 
Compressibility Determinations to Multiphase Fluid 
Mixtures, by Earle S. Burnett. 1963. 15 pp. 4 
figs. Outlines the experimental procedures for 
using a Burnett apparatus to obtain compressibility 
coefficients for multiphase, multicomponent fluid 
mixtures. 
RI 6268. Flotation of Kyanite-Quartzite Rock, 
Graves Mountain, Lincoln Oounty, Ga., by Thomas 
L. McVay and James S. Browning. 1963. 9 pp. 
1 fig. Gives results of laboratory batch and pilot 
plant flotation tests made to determine the feasi-
bility of recovering commerciaHrrade kvanite from 
a kyanite-quartzite rock. Acid leaching of the 
flotation concentrate gave a product ana.lyzing 5~.7 
percent AI~03 and about 0.1 percent Fe~03. As the 
result of this research. a commercial kyanite flota-
tion plant was completed in September 1962. Work 
done in cooperation with the University of Alabama 
and Aluminum Silicates. Inc. 
RT 6269. Use of Calcined Anthracite in Foundry 
Oupolas, by A. F. Baker, R. F. Tenney, and J. W. 
Reports of Investigations 
Eckard. 1963. 13 pp. Summarizes results of test-
ing calcined anthracite in commercial-size iron-
melting cupolas. For comparison purposes, tests 
were made using fuels other than calcined anthra-
cite. Owing to' its smaller size range, calcined 
anthracite requires a higher wind-box pressure than 
cupola fuel to provide an adequate air-input rate, 
Consequently, blowers, rathers than centrifugal 
fans, are necessary for use with calcined anthracite. 
RI 6270. Vibrations From Blasting at Iowa Lime-
stone Quarries, by Wilbur I. Duvall, James F. 
Devine,Charles F. Johnson, and Alfred V. O. Meyer. 
1963. 28 pp. 18 figs. Gives results of tests of 
12-millisecond-delayed blasts in four quarries that 
were instrumented with arrays of vertical velocity 
gages to determine if the direction of propagation 
through the rock or the method of initiation 9f the 
blasts had any effect upon the level of vibration. 
Direction of propagation is shown to have affected 
the value of the exponent n (the parameter deter-
mined from the experimental data) in a power-law 
equation. The method of initiating the blasts had 
a strong effect on the level of vibration and the 
spread in the data from one shot to another. 
RI 6271. Tallahatta Diatomite, Choctaw and Clarke 
Counties, Ala., by Earl L. Hastings and T. N. 
McVay. 1963. 12 pp. 3 figs. Gives information 
on the Tallahatta Formation in southwestern 
Alabama which is composed principally of diatoma-
ceous earth with accompanying beds of sand, clay, 
and sandstone. Because of the opal content, Tal-
lahatta diatomite may have pozzolanic properties 
in concrete. More detailed stUdies could reveal 
other uses of this diatomite, such as filter aids, 
fillers, polishing powders, and"·refracto'ry products. 
Work done in· cooperation with the University of 
Alabama and the Geological Survey of Alabama. 
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RI 6272. Centrifugal Compressor for High-Tem-
perature Helium. Performance Characteristics, by 
N. H. Coates, S. G. NordIinger, and J. P. McGee. 
1963. 17'pp. 8 figs. Gives data· on a:'smallcom-
pressor developed to circulate 60 pounds of helium 
per hour at 1,000° F and 250 psig. Performance 
characteristics were determined at helium flows of 
2,000 to 18,000 std eu ft per hOl1r;. pressures 
of 100 to 250 psig, and temperatures of 1000 to 
1,000° F. Work done in cooperation with the U.S. 
Atomic Energy Commission. 
RI 6273. Study of the Calorimetric Method of 
Purity Measurement Using IUPAC Samples of 
Benzene, . by J. F. Messerly, S. S. Todd, G. B. 
Guthrie, and J. P. McCullough. 1963. 19 pp. 9 
figs. Gives data on the nurity of three specially 
prepared samples of benzene determined with an 
adiabatic, low-temperature calorimeter' with auto-
matic control 'of shield temperature. Extensive 
measurements were made on each sample to deter-
mine how variations in operating procedures affect 
melting point and freezing point as well as purity 
data obtained by the calorimetric method. 
RI 6274. Cleaning Unsized Fine Ooal in a Dense-
Medium Oyclone Pilot Plant, by Michael Sokaski 
and M. R. Geer. 1963. 25 pp. 4 figs. Describes a 
pilot plant that does not require the removal of 
extremely fine material from the feed. The plant 
is capable of high recovery efficiencies even with 
refractory feeds and of making sharp separation. 
For medium recovery, a combination of sieve bend 
screens, classifying cones, and magnetic separators 
is used. Tests of the plant are described in this 
report. The work upon which the report is based 
was done in cooperation with the School of Mineral 
Emdneering. University of Washington. 
RI 6275. The Hyclrocyclone in Clay BenefiCiation, 
byH. E. Powell and W. A. Calhoun. 1963. 20 pp. 
4 figs. Shows that the hydro cyclone technique is 
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applicable to clays ranging from plastic to flint. 
Under proper conditions use of this technique will 
result in good separation of quartz sand and good 
recovery of a useful clay mineral concentrate. Re-
jection of quartz from the ~lays ?-nvestigated .ranged 
from a low of 82.4 percent, With an alumlna re-
covery of 71.2 percent, to a high of 99.0 percent, 
with an alumina recovery of 85.6 . percent. Esti-
mates are furnished for installation and direct 
operating costs· of hydrocyclones used in such 
separations. 
RI 6276. Hydraulic Coal Mining Research, Tests in 
a Steeply Pitching Coalbed, Roslyn, Wash., by 
Thomas lVi. Nasiatka and Frank Badda. 1963.16 
pp. 10 figs. Tests showed that the hydraulic 
method was more productive than the conventional 
method in pillar mining. In development mining of 
a solid coal face, the productivity of hydraulic min-
ing depended primarily on the hardness of the coal; 
compared with conventional methods, hydraulic 
mining was less productive where the coal was 
relatively hard and equally as productive where the 
coal was relatively soft. This report is the second 
in a series on hydraulic coal lI!ining research; the 
first report, RI 5915, published in 1962, gave pre-
liminary results of mining in a flat-lying bituminous 
coalbed in Pennsylvania. Work done in cooperation 
with the Northern Pacific Railway. 
RI 6277. Determination of Copper in Tungsten 
Metal and Tungstic Oxide, by Thomas E. Green. 
1963. 7 pp. Describes a combined solvent extrac-
tion-spectrophotometric method for determining as 
little as 1 ppm of copper in tungsten metal or 
tungstic oxide. Precision at the 2-ppm level is 
better than 0.1 ppm. 
RI 6278. Low-Temperature Phase Equilibria of 
Helium-Bearing Natural Gases: Hogback Gas, by 
Lowell Stroud, Will E. DeVaney, and John E. l\IIill-
ere 1963. 16 pp. 3 figs. .A. windowed-cell phase 
equilibrium apparatus was used to obtain equilib-
rium vapor-liquid data for the gas at temperatures 
from _100° to -250° F and pressures to 500 psi. 
Anomalous phase behavior re~ulting in the for-
mation of two stable liquid phases occurred at 
temperatures below -200° F and pressures above 
200 psia. This is the first substantiated evidencp. 
of vapor-liquid-liquid equilibria in a helium-contain-
ing natural gas. 
Rl 6279. Materials in Coal Inhibitory to the 
Growth of Microorganisms, by Martin H. Rogoff 
and Irving Wender. 1963. 13 p. 4 figs. De-
scribes· methods for extracting biologically active 
organic compounds (antibiotics) from coal with 
polar organiC solvents and concentrating them by 
using aqueous sodium hydroxide. Mass spectrom-
etry of the extracts indicated 6-ring compounds 
in the region of mass 324 to 392. mtraviolet anal-
ysis showed a predominance of 3-ring aromatic 
systems. The activity of the hydroxide-soluble 
material decreased markedly when the phenolic 
hydroxyl groups were transformed into trimethyl-
silyl ethers. HydrolysiS of the ethers yielded a 
product with the same activity as the original 
material, which indicates that phenolic compounds 
are largely responsible for the antibiotic activity 
observed. 
Rl 6280. Extraction of Alumina From Ferruginous 
Bauxite by a Double-Leach Process, by W. F. Hol-
brook and L. A. Yerkes. 1963. 20 pp. 6 figs. De-
scribes a process which recovers a greater propor-
tion of alumina from high-silica ores than the 
conventional single-leach method. This recovery 
is accomplished by calcining the ore, removing re-
active silica in a preliminary dilute caustic soda 
leach, and then applying a second leach to dis-
solve alumina. Eighty percent alumina· extrac-
tion is demonstrated with Oregon ores containing 
up to 15 percent Si02, 35 percent Al20a, and 30 
percent Fe20a. This process is capable of provid-
ing millions of tons of alumina from Oregon fer-
ruginous bauxite, when and if such low-grade raw 
material needs to be utilized. 
Rl 6281. Low-Temperature Heat Capacity and En-
tropy at 298.15° K of Muscovite, by W. VV. Weller 
and E. G. King. 1963. 4 pp. 1 fig. Heat capac-
ity measurements were made in the range of 50° 
to 298° K. The entropy at 298.15° K was evalu-
ated as S0298.:15 == 69.0 ± 0.7 cal/deg·mole. 
RI 6282. Analyses of Brines From Oil-Productive 
Formations in South Arkansas and North Lou-
isiana, by M. E. Hawkins, W. D. Dietzman, and 
J. M. Seward. 1963. 28 pp. 3 figs. Describes 
major physical and chemical properties of brines 
from all the important petroleum-productive for-
mations in south Arkansas and north Louisiana. 
Data presented offer a correlation check for futUre 
chemical analyses and reSistivity measurements 
that may be obtained. Work done in cooperation 
with the Arkansas Oil and Gas Commission and 
the Louisiana Department of Conservation. 
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Rl 6283. Densimetric Method in Studying Coal and 
Coke ~tructure, by W. R. K. Wu. 1963. 71 pp. 
8 figs. Reports on studies of the structure of coal 
and coke using the graphical, statistical densi-
metric method based on the relation between the 
molecular volume per carbon atom and the atomic 
hydrogen-carbon ratio. 
RI 6284. Modifications in Bomb Reduction of Va-
nadium Oxide, by C. J. Chindgren, L. C. Bauerle, 
and J. B. Rosenbaum. 1963. 14 pp. Describes 
attempts to make the conventional method of pre-
paring ductile. vanadium metal more economical. 
The most promiSing modification appeared to be 
bomb refining, using calciUm to purify vanadium 
metal-of. low aluminum but high oxygen content 
-prepared by open-vessel aluminothermic reduc-
tion of vanadium pentoxide. 
RI 6285. Use of Depleted Uranium for Cathodic 
Protection, by F. W. Hoertel. 1963. 13 pp. 9 
figs. Gives results of an investigation of depleted 
uranium as a sacrificial anode for the cathodic 
protection of submerged and underground struc-
tures of iron, steel, and copper. Uranium re-
mained anodic to iron, steel, and copper in simu-
lated marine environments and under simulated 
boiler service if the electrQlite was oxygen-free 
water. Uranium appeared to offer limited protec-
tion to iron, low-carbon steel, copper, and zinc 
in the simulated underground tests. Work done 
in cooperation with the U.S. Atomic Energy Com-
mission. 
RI 6286. Decomposition of Gypsum in a Fluidized-
Bed Reactor, by D. A. Martin, F. E. Brantley, and 
D. M. Yergensen. 1963. 15 pp. 5 figs. Deals with 
fluidized-bed roasting as a means of decomposing 
gypsum and gypsum mixtures to produce a gas 
rich in sulfur dioxide and a lime or portland 
cement. Ninety-eight percent desulfurization of 
gypsum was achieved at an operating temperature 
between 1,200° and 1,225° C. A cement-type resi-
due was obtained but had to be refired at 1,450° a 
before mortar prepared from it met physical speci-
fications for cement. 
RI 6287. Low-Temperature Heat Capacity and High-
Temperature Heat Content of Mullite, by L. B. 
Pankratz, W. W. Weller, and K. K. Kelley. 1963. 
7 pp. 2 figs. Gives measurements of the high-
temperature heat content of mullite (AloSi2013) in 
the temperature range from 298.15° to 1,800° K and 
evaluates the entropy at 298.15° K as 60.8 cal/deg 
mole. The entropy of format jon of mullite from 
corundum and quartz is 4.3 cal/deg Inole at 298.15° 
K and 2.9 calldeg mole at 1,7500 K. 
RI 6288. Recovery of Alumina From Anorthosite, 
San Gabriel Mountains, California, Using the Lime 
Soda Sinter Process, by R. V. Lundquist, with sec-
tion on geology by Gordon B. Oakeshott. 1963. 
12 pp. 4 figs. Gives results of tests made on 
anorthosite rock from the San Gabriel Mountains, 
Los Angeles County, for its response to lime-soda-
sinter pro-cessing' to recover alumina. More than 
88 percent of the alumina in the anorthosite was 
extracted at a mole ratio of CaO to Si02 of 1.94 
and NazO to AhOa of 1.19. Work done in coopera-
tion with the California Division of Mines and 
Geology. 
RI 6289. Coking-Rate Study on a Commercial Blend 
of Western Coals, by W. S. Landers, Manuel Go-
mez, and E. O. Wagner. 1963. 26 pp. 10 figs. 
Describes a study of the effect of coking rates of 
a special Columbia-Geneva six-coal blend' on its 
coke properties. Increase in the coking rate de-
creased the size of the coke. The stability factor 
decreased after the coking rate reached more than 
1.0 in/hr, and speCific gravity increased to a maxi-
mum value at rates approaching 1.1 in/hr. Work 
done in cooperation with the Columbia-Geneva Steel 
Division of the United States Steel Gorp., the Kaiser 
Steel Corp., the Colorado Fuel and Iron Corp., 
and the· Colorado School of Mines Research Foun-
dation. 
RI 6290. Methods for Producing Alumina From 
Clay. An Evaluation of a Potassium Alum Proc-
ess, by Frank A. Peters, Paul W. Johnson, and 
Ralph C. Kirby. 1963. 27 pp. 9 figs. Evaluates 
a process for extracting alumina as potassium alum 
from clay using SUlfuric acid and potassium SUl-
fate. The process design is based on published 
results of pilot plant- and laboratory work and not 
on present experimental work. Gives estimated 
capital and operating costs. Process is not com-
petitive, under current economic conditions, with 
production of alumina from bauxite by the Bayer 
process. Improvement in leaching, basic alum de-
composition, and washing could reduce the costs 
and improve the product, which contains some 
potassium. 
RI 6291. Longwall Mining With a German Coal 
. Planer. Pocahontas No.3 Coalbed, Keystone, W. 
Va., by D. S. Harper and C. O. Carman. 1963. 18 
pp. 11 figs. Gives data on the operation of a Ger-
man coal planer in. the Keystone mine of the East-
ern Associated Coal Corp. Almost one-half million 
tons of coal has been mined from four panels since 
August 1960, and an ll-man crew handles the com-
plete planer operation and produces an average of 
500 tons of clean coal per shift. 
RI 6292. A Basic Computer Program for Comput-
ing Grade and Tonnage of Ore Using Statistical 
and Polygonal Methods, by Richard F. Hewlett. 
1963. 20 pp. 2 figs. Gives a computer program 
for use in mineral-deposit evaluation using either 
a statistical or polygonal method. Program has 
been written to provide a minimum of restrictions, 
and any grade class interval, uneven assay-interval 
lengths, varying tonnage factors, different com-
posite assay-interval lengths, and pit bottom eleva-
tion can be used. Work done in cooperation with 
the Bear Creek Mining Co. and the College of 
Mines, University of Arizona. 
RI 6293. The Ignition of Combustible Mixtures by 
Laminar Jets of Hot Gases, by Marcel Vanpee and 
Arthur E. Bruszak. 1963. 84 pp. 66 figs. De-
scribes a method of studying reaction kinetics un-
der conditions similar to those which prevail in 
flame propagation. Two well defined types of igni-
tion processes have been observed: 1. The pre-
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ignition zone is a luminous zone of reaction in 
which the heat generated by the reaction plays a 
critical role in the process of ignition. 2. The 
preignition zone is not luminous and no heatgen-
eration is observed until the very last moment of 
the onset of . explosion. Research sponsored in part 
by Project Squid, Office of Naval Research, Depart-
ment of the Navy, under Contract Nonr 1858(25) 
NR-098-038. 
RI 6294. Solubility Characteristics of Monocal~ium 
Aluminate, by R. V. Lundquist and H. Leitch. 1963. 
9 pp. 2 figs. Na2COa solutions containing NaOH· 
must be used for the leach extraction of alumina. 
A deficiency of NaOH allows rapid precipitation 
of bayerite, and an excess of NaOH tends to con-
vert one third of the alumina to insoluble Caa 
[AI(OH)ah where the extent of conversion de-
pends on the carbonate concentration present. 
About 98 percent extraction of alumina from the 
aluminate occurred in Na2COs solutions containing 
10 to 12 percent NaOH. 
RI 6295. Thermodynamic Data for Magnesium Ox-
ide (Periclase), by L. B. Pankratz and K. K. Kel-
ley. 1963. 5 pp. Gives heat content of magnesium 
oxide (periclase) from 2980 to 1,8000 K. Results 
were combined with other thermodynamic data for 
magnesium oxide and its constituent elements to 
obtain improved values of the heat and free energy 
of formation at temperatures between 2980 and 
2,0000 K. Periclase behaves better in the calorim-
eter than corundum, and it is strongly suggested 
that periclase is a better substance for this purpose. 
RI 6296. Preparation Characteristics of Coal From 
Kanawha County, W. Va., by T. E. Gray and A. W. 
Deurbrouck. 1963. 53 pp. 3 figs. Float-and-sink 
tests of the samples collected from Eagle A, Peer-
less, Cedar Grove, Winifrede, and No. 2 Gas beds. 
show that these coals at one location each are 
suitable for metallurgical use without washing. 
Lower Kittanning bed at four locations, Pittsburgh, 
Stockton-Lewinston, and No. Gas beds at two loca-
tions each, and Coalburg, Powellton, Winifrede, 
Peerless, Upper Kittanning, and Cedar Grove beds 
at one location each can be upgraded to metallurgi-
cal quality by mechanical cleaning. 
RI 6297. Preparation. Characteristics of Coal From 
Tazewell County, Va., by Albert W. Deurbrouck . 
1963. 31 pp. 3 figs.' Describes the preparation 
characteristics of samples from the Raven, Jaw-
bone, Upper Seaboard, and Pocahontas Nos. 3, 4, 
and 5 beds. Only the Jawbone sample required 
upgrading to be of metallurgical quality. The coals 
ranked from high-volatile A to low-volatile bitumi-
nous. Significant increases in recovery of' the 
Pocahontas coals at 1.30 specific gravity could be 
effected by reducing the top size of the samples 
from 1% inches to % inch. 
RI 6298. Separation and Oharacterization of Polar 
Material in Distillate Fuel, by J. W. Davis, D. E. 
Hirsch, Norman G. Foster, and F. G. Schwartz. 
1963. 18 pp. 4 figs. Identifies nitrogen, oxygen, 
and sulfur compounds found in catalytically cracked 
distillate fuel. Naphthalene and its homologs, 
phenanthrene and its homologs, and other com-
pounds such as methyl indene, C2 quinolines, phenyl 
indan, and the benzothiophenes, appeared in the 
benzene extracts. Quinolines were the major com-
ponents of the lower boiling fraction of the ether 
extract, although carbazoles, acridans, and indoles 
were present in some concentration. Elemental 
and functional group analyses of the alcohol frac-
tion indicated 10 percent of the distillate portion 
was nonhydrocarbon, and in this portion the aver-
age molecule contained more than one nonhydro-
carbon element. 
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RI 6299. Comparison of Oil Yields From Core and 
Drill-Cutting Sampling of Green River Oil Shales, 
by J. W. Smith, L. G. Trudell and K. E. Stanfield. 
1963. 35 pp. 8 figs. Average oil yields of single 
sets of mud cuttings from hydraulic rotary drilling 
in Colorado and gas cutting from pneumatic rotary 
drilling in Utah were compared statistically with 
yields of core samples taken from adjacent holes. 
Oil yields from gas cuttings were identical with 
oil yields from core samples. Mud cuttings ap-
peared to represent a section of the formation con-
servatively, the deficiencies increasing with increas-
ing richness· of sample. Work done in cooperation 
with the University of Wyoming. 
RI 6300. Analyses of Tipple and Delivered Sam-
ples of Coal ( Collected During the· Fiscal Year 
1962), by S. J. Aresco, J. B. Janus, and F. E. 
Walker. 1963. 46 pp. Presents results of analy-
ses of 7,114 samples collected in connection with 
Government coal purchases. Heating value and 
proximate analyses are given for a.ll the samples; 
ash-softening temperature, free-swelling index, and 
the Hardgrove grindability index are also shown 
for many samples. 
RI 6301. Electrodeposition of Zinc, by Glen C. 
Ware. 1963. 24 pp. 17 figs. Reports on work 
undertaken to determine the factors involved in 
the corrosion of starting sheets used in the pro-
duction of electrolytic zinc. Zinc starting sheets 
could be made as reliable as aluminum and could 
be continued in residence for periods up to 39 
days. Periods· as long as a week were feasible 
under conditions similar to those found in com-
mercial practice. A test of zirconium as a start-
ing sheet material showed promise, but titanium 
was found to be unsuitable. 
RI 6302. Laboratory Test Method for· Unsteady-
State Gas Flow in Consolidated Porous Media, by 
J. S. Miller and C. J. Walker. 1963. 29 pp. 3 figs. 
Describes an attempt to find a simple solution. to 
the problem of simultaneously changing terminal 
rate and terminal pressure under conditions of 
unsteady-state flow in porous media. Although the 
original aim was not realized, a method for encas-
ing a sandstone core that would permit high-pres-
sure flow tests and the use of electronic eqUipment 
to measure pressures at points along the core dur-
ing unsteady-state gas depletion was found to be 
feasible. Work done in cooperation with the Amer-
ican Gas Association. 
RI 6303. Electrodeposition Studies of Molybdenum, 
Tungsten, and Vanadium in Organic Solvents, by 
Robert E. Meredith and Thomas T. Campbell. 1963. 
15 pp. 7 figs. Gives results of studies of the 
feasibility of employing low-temperature nonaque-
ous baths for electrodepositing some of the refrac-
tory metals of the ferroalloy group. No successful 
metallic deposits were obtained with any of the 
systems examined. 
RI 6304. Preparation and Evaluation of Fused Haf-
nium Carbide, by R. P. Adams and R. A. Beall. 1963.' 
17 pp. 14 figs. Describes a method of melting and 
casting specimens of hafnium carbide. Includes 
evaluation of the cast speCimens according to their 
carbon content for melting point, density, micro-
hardness, electrical reSistivity, and oxidation re-
sistance. Work done in cooperation with the U.S. 
Atomic Energy Commission and the UniverSity of 
California Lawrence Radiation Laboratory. 
tRI 6305. Principles and Computer Techniques for 
Calculating Performance of a Five-Spot Waterflood 
-Two-Phase Flow, by R. V. Higgins and A. J. 
Lighton. 1963. 71 pp. 12 figs. Presents a com-
puter p~ogram to calculate the reservoir perform-
tOut of print. 
ance of waterfloods of complicated well-spacing 
patterns. Many steps' are explained in detail,. 
both for the fluid mechanics and the directions for 
the computer. Program has been presented in 
such a way that it may be used as given to calcu-
late performance of two-phase flow in odd-shaped 
geometry. 
RI 6306. Performance of Baum Jigs in Treating 
Rocky Mountain Coals, by Michael Sokaski, P. S. 
Jacobsen, and M. R. Geer. 1963. 40 pp. 6 figs. 
Evaluates the performance of two Baum jigs for 
cleaning Rocky Mountain coals. The sharpness of 
separation for these jigs is characterized by error 
areas of 73 and 75 which compare favorably with 
values reported by other investigators. Detailed 
comparison of these data and other information is 
included in the report. Work done in cooperation 
with the School of Mineral Engineering, University 
of Washington. 
RI 6307. Process Development in Removing Sulfur 
Dioxide From Hot Flue Gases (in Four Parts). 
2. Laboratory-Scale Pulverized-Coal-Fired Furnace, 
by R. C. Kurtzrock, D. Bienstock, and J. H. Field. 
1963. 37 pp. 25 figs. Describes the design and 
operation of a laboratory-scale, pulverized-coal-
fired furnace to furnish small quantities of flue 
gas for an air-pollution investigation. This report 
is the second in a series of four publications on 
the engineering development of a process for re-
moving sulfur dioxide from flue gases. The first 
report, issued as RI 5735, in 1961, discussed bench-
scale experiments for the removal of low concen-
trations of sulfUr dioxide from simulated flue gas. 
RI 6308. Determination of Cobalt and Nickel in 
Tungsten by a Combined Ion-Exchange X-Ray Spec-
trographic Method, by E. F. Spano, T. E. Green, 
and W. J. Campbell. 1963. 20 pp. 7 figs. De-
scribes a quantitative method developed for deter-
mining parts per million of cobalt and nickel in 
high-purity tungsten trioxide. All results agreed 
to within 10 percent of the amount present. 
RI 6309. Hazards in Using Liquid Hydrogen in 
Bubble Chambers, by Michael G. Zabetakis, AIdo 
L. Furno, and Henry E. Perlee. 1963 .. 39 pp. 27 
figs. Reports results of a study to determine the 
hazards associated with the use of liquid hydrogen 
as an ionizing particle detector in bubble cham-
bers. Work done in cooperation with the Health 
and Safety Laboratory, U.S. Atomic Energy Com-
mission. 
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RI 6310. Chloridization of Galena and Sphalerite 
by Contact With Certain Chlorides, by J. G. Don-
aldson and K. K. Kershner. 1963. 16 pp_ 7 figs. 
Describes optimum conditions for chloridizing 
metal sulfides. Salt-roasting galena at 4500 C for 
8 hours chloridized 75 per cent of the lead; in an 
equal time of treatment at 750 0 C, the process 
chloridized 42 percent of the zinc in sphalerite. Hy-
drogen chloride at 5000 C completely chloridized 
galena in 15 minutes, and at 6000 0 converted all 
the zinc in sphalerite to the chloride in 4 hours. 
RI 6311. Use of a Sieve Bend and a Scalping Deck 
With a Vibrating Screen in Dewatering and Drain-
ing Dense Medium From Fine Coal, by Michael 
Sokaski, P. F. Sands, and M. R. Geer. 1963. 13 
pp. 6 figs. Determines that, in dewatering, use 
of either the sieve bend or the scalping deck in-
creases the capacity of the vibrating screen tenfold 
and the recovery of coal finer than 0.5 mm threefold, 
with no sacrifice in the moisture content of the 
oversize product. In dense-medium drainage, the 
scalping deck is superior. Additional advantages of 
the scalping deck are lower cost and a substantial 
saving in headroom. Work done in cooperation 
with the University of Washington. 
RI 6312. A Method for Determining Stress in Rock, 
by Thomas A. Morgan and Louis A. Panel;;:. 1963. 
7 pp. 5 figs. Describes a method for determining 
stress in rock based on· a requirement for static 
equilibrium; namely, that the total load on a 
sufficiently large area must remain constant even 
after a drift or stope is mined in the area. 
'RI 6313. Lightweight Aggregates. Expan$ion 
Properties of Clays, Shales, and Argillites of Min-
nesota, by W. A. Grosh and H. P. Hamlin. 1963. 
30 pp. 5 figs. Gives results of preliminary bench-
scale tests for bloating properties made on samples 
of clays, shales, and al'gillities from 21 l-ocations; 
several were tested for ceramic properties. Decorah 
Shale from one area made a suitable material for 
lightwight aggregate; however, the limestone layers 
in the formation must be eliminated or the resulting 
activated lime must be controlled by quenching. 
RI 6314. Fluorine Analyses. Control Method for 
Various Compounds, by Henry E. Blake, Jr. 1963. 
29 pp. 6· figs. Describes a new analytical-control 
method for analyzing fluorides from low-grade 
sources using a sulfuric-phosphoric acid solution 
of a sodium carbonate fusion of the sample mate-
rial with distillation temperature maintained at 
about 155° C. Method is more reliable and rapid 
than other techniques for the analytical control 
of unknown sample materials. . 
RI 6315. Sintering of Pyrrhotite Calcine, by W. E. 
Lamont, I. L. Feld, and R. E. Perry. 1963. 17 pp. 
4 figs. Gives results of tests to determine the con-
ditions required to sinter a pyrrhotite calcine into 
a commercially acceptable iron-blast-furnace feed. 
Batch and continuous sinter tests showed that mi-
nus ~-inch pellets prepared from a mixture of the 
calcine with coke, dolomite, and water gave sinter 
cakes. analyzing 57 to 61 percent iron and 0.05 
to 0.02 percent sulfur. Work done in cooperation 
with the University of Alabama and the United 
States Pipe and Foundry Co. 
RI 6316. Thermodynamic Properties' of Strontium 
Chloride and Strontium Fluoride From 0° to 3000 
K, by D. F. Smith, T. E.Gardner, B. B. Letson, and 
A. R. Taylor, Jr. 1963. 8 pp. 1 fig. Presents heat 
content values for strontium chloride from 7° to 
3000 K and for strontium fluoride from 11 0 to 300° 
K that were determined with an adiabatic calorime-
ter. Smooth values are given at 10-degree intervals 
and at 273.15 0 and 278.15° K. Work done in co-
operation with the University of Alabama. 
RI 6317. Fluidized-Bed Chlorination of Titanifer-
ous Slags and Ores, by E. C. Perkins, H. Dolezal, 
D. M. Taylor, and R. S. Lang. 1963; 13 pp. 2 
figs. Describes the successful chlorination, of ti-
taniferous slags and domestic mineral concentrates 
in a 6-inch-diameter fluid-bed chlorinator. Ilme-
nites from Idaho, South Carolina, Florida, and New 
York, and a titaniferous magnetite from Wyoming 
were used in preparing the slags. An ilmenite 
concentrate from Idaho and a rutile from Arkansas 
were tested. 
RI 6318. Advances in Coal Spectrometry. Mass 
Spectrometry, by A. G. Sharkey, Jr.. J. F. Shultz, 
and R. A. Friedel. 1963. 32 pp. 21 figs. Gives 
results· of a study of pyrolysis products and ex-
tracts of coal and also whole coal. Mass spec-
trometric techniques are shown to be useful in 
studying the chemical structure of coal and various 
high-molecular-weight materials derived from coal. 
RI 6319. Titanium Placer Deposits of Idaho, by 
R. H. Storch and D. C. Holt. 1963. 69 pp. 20 figs. 
Gives results of an investigation of more than 300 
stream areas in Idaho to determine the potential 
value of ilmenite in black-sand placer deposits. 
Data indicate a good potential for large, low-grade 
I 
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deposits containing ilmenite, monazite, columbite, 
euxenite, uranothorite, and other radioactive black 
minerals and accessory black-sand minerals. The 
data also indicate most depOSits will be economic 
only if several component minerals can be recovered 
as coproducts. . 
RI 6320. Underground Combustion Oil-Recovery 
Experiment in the Venango First Sand, Warren 
County, Pa., by N. A. Caspero, W. T. Wertman, and 
W. E. Eckard. 1963. 39 pp. 20 figs. Gives results 
of a thermal oil-recovery experiment conducted in 
the Venango First sand, of the Goodwill Hill oil-
field near Titusville, Pa. The well pattern for the 
experiment consisted of five producing wells, en-
closing an area of 1.28 acres, and a central ignition-
injecti-on well. Ignition of an air-natural gas mix-
ture in the ignition well was followed by injection 
of air and natural gas at various rates. The ex-
periment was suspended when it became evident 
that economic oil production could not be achieved. 
Work done in cooperation with the Quaker State 
Oil Refining Corp. 
RI 6321. Selective Adsorption and Recovery of Sul-
fur Dioxide From Industrial Gases by Using Syn-
thetic Zeolites, by D. A. Martin and F. E. Brantley. 
1963. 15 pp. 8 figs. Describes tests conducted 
with synthetic zeolites as selective adsorbents for 
recovering sulfur dioxide from synthetic gases and 
gases produced from gypsum decomposition. Re-
generation studies showed that over 90 percent of 
the sulfur dioxide desorbed from the loaded beds 
was of sufficient purity for direct liquefaction. 
Good adsorption of sulfur dioxide from gases pro-
duced by the decomposition of gypsum was at-
tained, despite small amounts of hydrogen sulfide 
in the offgas. 
RI 6322. Acid Leaching of Beryllium Ore From 
Spor Mountain, Utah, by L. Crocker, R. O. Dannen-
berg, .and D. W. Bridges. 1963. 15 pp. 3 figs. 
Describes how 95 percent of the beryllium was 
dissolved from most ore samples by agitation 
leaching with 600 pounds of H 2S04 per ton of ore 
for 24 hours at 65° C and 35 percent solids. Set-
tling of the leached pulp required 0.6 to 0.8 pound 
of polyacrylic flocculant per ton of ore leached. 
Terminal denSity of the settled pulp was about 
28 percent solids. Experiments with 800 pounds of 
H 2S04 per ton of ore are also described. 
RI 6323. Removal of Hydrocarbons and Carbon 
'Monoxide From Automotive Exhaust, Using a .Pro-
moted Uranium Catalyst, by D. Bienstock, R. C. 
Kurtzrock, E. R. Bauer, Jr., and J. H. Field. 1963. 
18 pp. 10 figs. Describes tests made with leaded 
and nonleaded gasolines in a reactor in place of a 
truck muffler. Conversion of 98 percent of the hy-
drocarbons and 100 percent of the carbon monoxide 
was achieved with the engine idling, and conver-
sion of 75 percent of the hydrocarbons was obtained 
at cruising speeds of 30 mph. Identical activity 
was obtained initially in switching to a leaded 
gasoline; however, there was a gradual loss of 
activity thereafter. The levels of radioactive ma-
terials in the exhaust of the reactor and the radia-
tion in the vehicle were negligible. Work done in 
cooperation with the U.S. Atomic Energy Commis-
sion. 
RI 6324. Drillability Studies. Diamond Drilling, 
by James Paone and W. E. Bruce. 1963. 32 pp. 
7 figs. Presents experimental drillability curves 
from AX-size diamond core bit performance in eight 
different rocks ranging from dense hard taconite t-o 
soft limestones. Results show that in small-bore 
diamond drilling, compressive strength and possi-
bly other rock properties may be a useful parame-
ter in' predicting drilling rates. 
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RI 6325. Feasibility. of Electrical Precipitation at 
. High Temperatures and Pressures, by C. C. Shale, 
W. S. Bowie, J. H. Holden, and G. R. Strimbeck. 
1963. 20 pp. 9 figs. Electrical characteristics are 
presented for air in a 2-inch pipe-type electro-
static precipitator operating under dynamic condi-
tions at temperatures of 600 0 to 1,500° F and pres-
sures of 0 to 80 psig using a negative discharge 
electrode. Results of this one-geometry study show 
that current-voltage relationships are a function of 
air pressure and temperature and indicate that 
precipitators can be used at any temperature 
through about 1,350° F over the full range of pres-
sure. Corona starting voltage and sparkover volt-
age vary directly with pressure and inversely with 
temperature. Experimental results are interpreted 
in terms of a theory presented. 
RI 6326. Removing Methane (Degasification) From 
the Pocahontas No.4 Coalbed in Southern West 
Virginia, by W. M. Merritts, C. R. Waine, L. P. 
Mokwa, and M. J. Ackerman. 1963. 39 pp. 23 
figs. Describes tests conducted in the Pocahontas 
No. 4 coalbed to determine if degasification tech-
niques could be effective in removing methane from 
gaseous coals. Tests showed that methane emis-
sions from free-flow bleeder holes were as much 
as 131 cfm. The methane content in the main 
return-air currents after water infusion was re-
duced more than 86 percent. Work done in cooper-
ation with the Olga Coal Co., Coalwood, W. Va. 
RI 6327. Continuous Attrition Grinding of Coarse 
Kaolin (in Two Parts) . .1. Open-Circuit Tests, by 
Martin H. Stanczyk and I. L. Feld. 1963. 14 pp. 
5 figs. To obtain paper-coating clay, commercial 
kaolin containing about 11 percent minus-2-micron 
equivalent-spheric aI-diameter (esd) material was 
ground in a 10-inch-diameter grinder using con-
tinuous single- and multiple-stage grinding circuits. 
The feed rates varied from 10 to 480 pounds per 
hour. Multiple-stage grinding proved superior to 
single-stage treatment at equivalent feed rates. The 
best product was an 80-percent minus-2-micron esd 
paper-coating clay obtained when grinding 60 
pounds of raw clay per hour using a three-stage 
circuit. Work done in cooperation with the Uni-
versity of Alabama. 
RI 6328. Lithology and Reservoir Properties of 
the Big Lime, Keener, Big Injun, Weir, and Berea 
Horizons, Spruce Creek Oilfield, Ritchie County, 
W. Va., by Wallace R. McCord and William E. 
Eckard. 1963. 16 pp. 3 figs. Presents a de-
tailed lithologic description of important oil- and 
gas-producing horizons· from a 4-inch-diameter well. 
Well logs and results of core analyses are also 
included. Commercial oil production was obtained 
by the well owner after the Big Injun horizon 
was successfully hydraulically fractured. Work 
done in cooperation with the West Virginia Geo-
logical and Economic Survey. 
RI 6329. Some Generalized Probability Distribu-
tions With Special Reference to the Mineral Indus-
tries (in Five Parts). 1. Sampling to n Items per 
Sample, by Robert M. Becker, 1964. 53 pp. 1 fig. 
First of a five-part investigation that extends the 
theory of sample reliability from a sample con-
sisting of a fixed number of items to a sample 
consisting of a fixed amount of items. The exten-
sion of the theory is confirmed by experimental 
laboratory sampling using standard procedures. 
RI 6330. Bovill Clay and Sand Deposit, Latah 
County, Idaho. Geology, Mineralogy, and Bene-
ficiation .Tests, by Hal J. Kelly, George J. Carter, 
and George H. Todd. 1963. 56 pp. 16 figs. Drill-
hole samples from the deposit were evaluated and 
beneficiated. Tests of the beneficiated products 
showed that a filler-grade clay having an apparent 
spectral reflectance of 78 percent can be made by 
bleaching and by removing some of the submicron-
size particles. A quartz product suitable for the 
manufacture of glass containers can also be made. 
Work done in cooperation with J. R. Simplot Co., 
Boise, Idaho, and the School of Mineral Engineer-
ing, University of Washington. 
RI 6331. Willett Range Coal Deposits, Mackay Gla-
cier Area, Victoria Land, Antarctica, by John J. 
Mulligan and Others. 1963. 67 pp. 35 figs. Pre-
sents data on Antarctic medium-volatile bituminous 
and semianthracite coal. Although the coal could 
be used for space heating and to generate electric 
power, economic exploitation is not practical at 
present. This is the second published report of 
the Bureau of Mines on Antarctic coals; RI 6218 
was the first. The project was sponsored by the 
National Science Foundation, and laboratory work 
was done by the Geological Survey and the Bureau. 
RI 6332. An Inexpensive Triaxial Apparatus for 
Testing Mine Rock, by Leonard Obert. 1963. 10 
pp. 8 figs. Describes an inexpensive apparatus for 
testing rock cylinders subjected to loading condi-
tions comparable to those encountered in under-
ground mining. The mechanical parts were rela-
tively easy to machine and fabricate, and their cost, 
exclusive of labor, was approximately $1,000. 
RI 6333. Effect of Decoupling on Explosion-Gener-
ated Strain Pulses in Rock, by Thomas C. Atchison, 
Wilbur I. Duvall, and Joseph M. Pugliese. 1964. 
47 pp. 17 ills. Short cylindrical charges were det-
onated in drill holes in rock to determine the ef-
fects that decoupling (defined as the ratio of the 
radius of the hole to the radius of the charge) has 
on the strain-generating abilities of explosions in 
rock. The amplitude and period of the strain 
pulses produced in the rock were studied as a 
function of distance, size of charge, and decoupling. 
These studies show that, for a given distance and 
size of charge, the amplitude of the strain pulse 
decreases as decoupling increases and the period 
of the strain pulse decreases at first and then 
increases as decoupUng increases. A simplified 
theory of decoupling is presented that satisfactorily 
explains the experimental results and makes it pos-
sible to predict the effect of decoupling on explosion-
generated strain pulses in rock, thus helping the 
explosives user· evaluate the effect of decoupling 
on his blasting. 
RI 6334. Tungsten Resources of Western Montana. 
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Miscellaneous Deposits, by David B. Walker. 1963. 
60 pp. 27 figs. Describes and appraises 64 tung-
sten deposits in western Montana. Report is the 
third of three describing tungsten resources in this 
area and supplements RI .5552 and 5612, published 
in 1960. 
RI 6335. Two Hydrated Calcium Aluminates En-
countered in the Lime-Soda-Sinter Process, by R. 
V. Lundquist and H. Leitch. 1963. 9 pp. 2 figs. 
Gives the results of chemical and X-ray analysis 
of Cas[Al(OH)6h and 3CaO·A1203· (8-12) H20 
formed in the leaching and desilication step of the 
lime-soda process. Cas [AI (OHo] 2, which was found 
as a precipitate in leach solutions, contributed to 
lower alumina recoveries. 
RI 6336. Laboratory Smelting of Copper PreCipitator 
Dust, by L. Mark Irwin and R. A. Marsyla. 1963. 
9 pp. Presents results of a laboratory investigation 
to develop a matte-smelting process for the recovery 
of copper from industrial smelter dusts. Best results 
were obtained from smelting moist self-fluxing pel-
lets; these yielded furnace slags with an average 
copper content as low as 0.15 percent copper, which 
is well below that of industrial copper reverberatory 
slags. 
RI 6337. Heats of Combustion and Formation of 
Carbides of Tungsten and Molybdenum, by AlIa D. 
Mah,1963. 9 pp. Reports new values of the heats of 
formation of carbides of tungsten and molybdenum.· 
The energies of combustion of two carbides of tung-
sten and two carbides of molybdenum were meas-
ured, and the corresponding standard heats of 
combustion were derived. The heats of formation 
were obtained by combining the combustion heats 
with the heats of formation of the corresponding 
metal trioxides and carbon dioxide. 
RI 6338. Experimental Conversion of Hematite to 
Magnetite With Solid Reductants, by P. A. Was-
son and lVI. M. Fine. 1963. 13 pp. 1 fig. Gives 
results of reductive roasting research using various 
solid reductants for converting nonmagnetic iron 
ore to a magnetic type. Recoveries of over 90 per-
. cent of the iron in magnetic concentrates were 
achieved at 6500 C, using one or more of the fol-
lowing reductants: Lignite, lignite chars, a high-
volatile bituminous coal, peat, and pyrite. 
RI 6339. Compressive Strength Versus Length-
Diameter Ratios of Potash Specimens, by Robert 
T. Beckman. 1963. 15 pp. 9 figs. Summarizes 
results of a preliminary investigation made to 
evaluate a laboratory method for obtaining esti-
mates of the strength of potash pillars in the Carls-
bad area in New Mexico during robbing operations 
and to determine the reliability of the data. 
RI 6340. Effect of Natural Gas Concentration on 
Ignitibility of Gallery Atmospheres, by R. W. Van 
Dolah, N. E. Hanna, and R. L. Grant. 1963. 15 
pp. 10 figs. Describes an experimental investiga-
tion of the relation between natural gas concen-
tration and ignitibility of the gallery atmosphere. 
Both the gas concentration representing maximum 
ignitibility and the relationship between certain 
properties of the explosives and their incendivity 
are discussed. Was first presented at the 11th In-
ternational Conference of Directors of Safety in 
Mines Research, Aix-Ies-Bains, France, July 2-5, 
1963. 
RI 6341. A System for Electron-Beam Melting, by 
F.W. Wood, J. L. Hoffman, W. E. Anable, and 
R. A. Beall.· 1964. 35 pp. 14 figs. Describes 
two electron-beam furnaces constructed and oper-
ated on the prinCiple of high-powered vacuum 
diodes to melt and purify reactive and refractory 
metals. It was necessary to deSign the vacuum and 
electrical systems, mechanical features, and oper-
atingprocedures to cope with dynamic conditions. 
The furnaces have been used to melt button speci-
mens weighing several hundred grams and small 
ingots weighing several kilograms. Hafnium is 
among the metals that can be purified. Work done 
under cooperative agreement AT (11-1)-599 with 
the U.S. Atomic Energy Commission. 
RI 6342. Preparation Characteristics of Coal From 
Russell County, Va., by Albert W. Deurbrouck. 1963. 
32 pp. 3 figs. Describes the preparation charac-
teristics of the significant coalbeds in Russell 
County, Va.-Upper and Lower Banner, Kennedy, 
Raven, Jawbone, Tiller, and Burtons Ford beds. 
Most Russell County coal requires some cleaning 
to reduce the ash content. Report is one of a 
series covering preparation characteristics of U.S. 
coals on a county basis. 
RI 6343. Low-Temperature Heat Capacities and 
Entropies at 298.15 0 K of Akermanite, Cordierite, 
Gehlenite, and Merwinite, by W. W. Weller and 
K. K. Kelley. 1963. 7 pp. 1 fig. Presents low-
temperature heat capacity data and entropies at 
298.15° K of akermanite, cordierite, gehlenite, and 
merwinite. No similar data for the four com-
pounds concerned in the report have been published 
previously. 
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RI 6344. Experimental Coal-Dust and Gas Explo-
sions, by John Nagy and Donald W. Mitchell. 1963. 
.27 pp. 26 figs. Summarizes observations made on 
coking of coal, deposition of soot, dust transport; 
:flame, violence, and related phenomena following ex-
perimental coal-dust explosions. Data are given· on 
gas explosion pressure, :flame length, :flame velocity, 
and variations of these parameters with concentra-
tion. Conclusions from these observations are use-
ful in preventing similar occurrences in operating 
. mines and serve as a guide in improving safety. 
RI 6345. Noise From Pneumatic Rock Drills. Anal-
ogy Studies of Muffier DeSigns, by R. T. DeWoody, 
J. W. Chester, and W. C. Miller. 1964. 24 pp. 21 
figs. Describes the development of a relatively 
efficient reactive muffier for quieting the exhaust 
noise of a rock drill. Information obtained from 
analogous electrical circuits was used to design the 
muffier, and results of actual muffier tests are in 
essential agreement with the electrical analogies. 
RI 6346. Radioactivity in Alkaline Leach Milling 
Processes, by K. E. Tame. 1964. 8· pp. 1 fig. 
Gives results of laboratory investigation of buildUP 
of radium in barren solutions recycled to the wash-
ing Circuit in carbonate leaching mills. Finds that 
over 95 percent of the radium 226 precipitates with 
the uranium, and there is no buildup 'of radium in 
the pregnant solution when the barren solution is 
recycled to the washing circuit. . 
RI 6347. Developing a Lock-Hopper Feeder for 
Hydraulic Hoisting of Coal, by H. A. Dierks, and 
H. B. Link. 1964. 27 pp. 8 figs. Describes· the 
design, assembly, and testing of a practical feeder 
apparatus to introduce comparatively large pieces 
of coal and similar material into a pipeline under 
pressure in connection with hydraulic hoisting. 
The experimental lock-hopper feed apparatus dem-
onstrated a hoisting capacity of 36 tons per hour 
of anthracite in a mixtur.e containing coal up to a 
top size of 3 inches. 
RI 6348. Formation and Flammability of Stratified 
Methane-Air Mixtures, by Henry E. Perlee, Israel 
Liebman, and Michael G. Zabetakis. 1964. 23 pp. 
17 figs. Describes :flammability studies conducted 
on stratified methane-air and pentane-air mixtures 
in air, indicating that location and extent of a :flam-
mable layer are affected by molecular diffusion, gas 
motion, and propagation of :flame. 
RI 6349. Experimental Upgrading of Artificial Maga 
netite Concentrates by Flotation, by D. W. From-
mer and A. F. Colombo. 1964. 13 pp. 1 fig. Gives 
results of tests made to determine the applicability 
of :flotation as a means of upgrading magnetic 
concentrates prepared from reductively roasted iron 
ores. Seven concentrates, containing from 6.7 to 
13.7 percent Si02, were improved by the :flotation 
treatment, yielding final concentrates containing 
less than 6.0 percent Si02. CationiC :flotation meth-
ods were studied on four of the seven samples; of 
this group only one sample yielded better results 
by cationic :flotation than by the anionic method. 
RI 6350. Reconnaissance of Tellurium Resources 
in Arizona, Colorado, New Mexico, and Utah. In-
cluding Selected Data From Other Western States 
and Mexico, by F. D. E·verett. 1964. 38 pp. 4 
figs. Presents Bureau analyses of more than 200 
samples of mineral-bearing deposits for determina-
tion of tellurium content that came from the areas 
listed. Also includes the results of tellurium deter-
mimttions by private companies on more than 500 
samples from a Wide variety of mineral-bearing de-
posits. About 40 minerals containing tellurium have 
been reported, mainly tellurides of gold, silver, bis-
muth, mercury, lead, copper, iron, and nickel. 
RI 6351. Abatement of Noise From Explosives 
Testing, by R. W. Van Dolah, F. C. Gibson, and 
,lteI>orts of Investigations 
N. E. Hanna. 1964. 23 pp. 16 figs. Describes 
measures that were taken to eliminate noise 
:resulting from explosives work at the Bureau of 
Mines facility at Bruceton, Pa. A method of 
monitoring. sound transmission characteristics of 
the atmosphere and controlling the explosives 
testing partially controlled the noise. The noise 
problem was entirely eliminated when the explo-
sives work was done in closed facilities. 
Rl 6352. Cadmium Refining by Amalgam Elec-
trolysis, by Arnold M. Lansche and D. H. Chambers. 
1964. 17 pp. 5 figs. An acid rinse and zinc dis-
placement technique was developed to amalgamate 
air-oxidized cadmium sponge. Zinc was completely 
removed from amalgamated sponge by selective 
oxidation with air. Zinc-free cadmium amalgam 
was circulated by an electromagnetic pump through 
fin electrolytic cell where cadmium 99.9-percent 
lIurity was electrodeposited onto a rotating alumi-
num cathode. 
RI 6353. An Apparatus for Detecting Helium 
Leaks, by C .. L. Klingman and J. C. Meeks. 1964. 
17 pp. 7 figs. An instrument that is sensitive, 
portable, safe in explosive atmospheres, and low in 
cost was developed for detecting helium leaks by 
comparing the thermal conductivity and flow rate 
of the atmosphere around a suspected leak against 
a reference of helium-free air. 
Rl 6354. Comparison of Properties of Coke Pro-
duced by BM-AGA and Industrial Methods, by D. 
E. Wolfson, G. W. Birge, and J. G. Walters. 1964. 
19 pp. 5 figs. Seventeen samples were' carbonized 
by the BM-AGA pilot-plant method and in in-
dustrialovens. The industrial plants carbonizing 
these samples represent about 30 percent of total 
1959 U.S. capacity. Chemical and physical proper-
ties of the samples were determined, and the 
physical properties of the cokes prepared by the 
two methods were compared. 
Rl 6355. Carbonizing Properties of Coals From 
Buchanan, Dickenson~ Rusell, Tazewell, and Wise 
Counties, Va., by G. W. Birge, D. E. Wolfson, and 
J. H. Lynch, Jr. 1964. 22 pp. 2 figs. Thirty-one 
channel samples from the principal beds were 
carbonized at 900° C. Most of the samples proved 
chemically suitable for metallurgical use in coking 
blends. Ash content exceeded 10 percent in only 
three samples, and none of the coals contained more 
than 1.5 percent sulfur. Dry, mineral-matter-free 
fixed-carbon content ranged from 62.1 to 77.5 percent. 
Expansion behavior varied widely. Samples came 
from Clintwood, Hagy, Splash Dam, Upper and 
Lower Banner, Kennedy, Raven, Jawbone, Tiller, 
Upper Seaboard, Pocahontas Nos. 3 and 5 Taggart 
Norton, Pittsburgh, and Beckley beds.' , 
Rl ,6356. Heat and Free Energy of Formation of 
Muscovite, by R. Barany. 1964. 6 pp. Describes 
experimental work to obtain heat of formation at 
298.15° K of muscovite by solution calorimetry. 
The value obtained for the heat of formation from 
the elements was -1.421.2!± 1.3 kcal/mole, ,and the 
value for the heat of formation from the oxides was 
-55.9 \± 1.3 kcal/mole. 
RI 6357. Low-Temperature Heat Capacities and 
Entropies at 298.15° K of Lead Molybdate and Lead 
Tungstate, by W. W. Weller and K. K. Kelley. 
1964. 5 pp. 1 fig. Presents heat capacity meas-
urements of lead molybdate and lead tungstate 
over the temperature range from 51 0 to 298° K. The 
entropy values at 298.15° K fill an important gap in 
the data necessary for deriving the free energies of 
formation of the compounds and evaluating their 
chemical and thermal stabilities. 
Rl 6358. A Penetrometer for Measuring the Abso-
lute Viscosity of Glass, by John E. Kelley, Thomas 
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D. Roberti, and Henry M. Harris. 1964. 11 pp. 
4 figs. Describes a penetrometer which was de-
veloped to measure viscosity of glass at tempera-
tUres up to 1,450° C to be used in establishing the 
viscosity coefficients required for high-temperature 
forming of ceramic materials. The penetrometer 
was tested using a standard viscosity sample of 
soda-lime-silica glass obtained from the National 
Bureau of Stan<;lards. Values obtained at several 
temperatures agreed within 10 percent with com-
parable data calculated from the Fulcher equation 
derived by NBS for this glass. Equivalent ac-
curacy was obtained with other glasses used to 
evaluate the apparatus. 
Rl 6359. High-Temperature Corrosion Studies. A. 
Sensitive Volumetric Apparatus for Determining 
Gas-Solid Reaction Kinetics, by Robert M. Doerr 
and Charles C. Myers. 1964. 13 pp. 3 :figs. De-
scribes an apparatus for determining the kinetics 
of gas-solid reactions at high temperatures by 
measuring the volume of gas consumed with respect 
to time. Gives a detailed description of the 
precision-bore tube, reaction chamber, reservoir, 
and associated equipment. 
Rl 6360. Methods for Producing Titanium Lower 
Chlorides, by V. E. Homme and M. M. W{)ng. 1964. 
16 pp. 3 figs. Describes methods of preparing 
melts consisting of sodium chloride-titanium lower 
chlorides by reducing TiCl4 with sodium and with 
scrap titanium metal in sodium chloride. 
Rl 6361. HydrometaUurgical Recovery of Manga-
nese From Manganiferous Slimes and Limestones, 
by W. L. Falke. 1964. 14 pp. 10 figs. Describes 
recovery of manganese by trea ting slimes and 
limestones with sulfur dioxide; manganese (II) 
hydroxide is precipitated and leached with am-
monium carbamate solution, and manganese car-
bonate is separated by warming the leach solution. 
Concludes that manganese can be recovered simUl-
taneously from both manganiferous slime and 
limestone by blending the materials in suitable 
ratios before reduction. This procedure lowers 
the cost without reducing the overall recovery of 
manganese. 
Rl 6362. Continuous Ele('trowinnin~ of Cerium 
Metal From Cerium Oxides, by E. S. Shedd, J. D. 
Marchant, and T. A. Henrie. 1964. 12 pp. 3 figs. 
Twenty-seven pounds of 99.8-percent-pure metal 
was produced at a rate of 3 pounds per hour and 
tapp~d from the cell. Stable cerous oxide reacted 
more uniformly at the anode surface than ceric 
oxide. The purity of the metal collected in an 
electrolyte skull was greater than the purity of that 
collected on a molybdenum' metal hearth. Cell 
design proved to be an important factor in the 
continuous cell operation. 
RI 6363. Gasification' of Coal in the Presence of 
Gamma Rays, by Paul S. Lewis, Henry H. Ginsberg, 
and Raymond W. Hiteshue. 1964. 12 pp. 4 figs. 
Shows that irradiation with 3.57 million roentgens 
has no gross effect on the gasification rate or on 
the yield and distribution of methane and hydrogen. 
Concludes that gamma-ray irradiation produces no 
improvement in the technology or economics of coal 
gasification. 
RI 6364. Gasification of Bituminous Coal With 
Oxygen in a Pilot Plant Equipped for Steam-
Pickup Feeding, by K. D. Plants, J. H. Holden, 
and L. F. Willmott. 1964. 9 pp. 4 figs. The 
pressure-gasification pilot plant operated satisfac-
torily at relatively high steam-to-coal ratios, but 
these could not be reduced much below 0.5 lb/lb 
without condensation of steam or softening of the 
coal. Carbon gasified, gas composition, and coal 
and oxygen requirements were essentially the 
same as for a pilot plant equipped with a fluidized-
coal feeder. Average results from the pilot plant 
equipped for steam-pickup feeding were coal re-
quirement, 37.3 lb/M (1,000) scf of 00 + Hz 
produced; oxygen requirement, 358 scf/M scf 
00 + Hz produced; and carbon gasified, 87.7 
percent. 
RI 6365. Titanium Placer Resources in Western 
Montana, by Dean O. Holt. 1964. 39 pp. 15 figs. 
Appraises the potential of titanium minerals in 
known titanium-bearing placer deposits and poten-
tial titanium-bearing placer areas in western 
Montana. Reconnaissance studies were made of 
more than 225 stream areas. Sampling results 
from 8 deposits indicate areas containing more than 
10 pounds of ilmenite and other titanium-bearing 
black-sand minerals per cubic yard. Ohief source 
for constituents of the black sands appears to be 
the Idaho batholith, and highest concentrations are 
generally found near the source. Testing methods 
included gravity and magnetic separation, and 
visual microscopic, chemical, and radiometric analy-
ses on deposits sampled in detail. 
RI 6366. Rigid Foam for Mines, by Donald W. 
Mitchell, John Nagy, and Edwin M. Murphy. 1964. 
37 pp. 19 figs. Describes the Bureau's' work in 
developing chemical formulation, spraying equip-
ment, and application procedures for safe and 
effective use of urethane foam in mining. Research 
and expel'ience indicates that rigid foam will im-
prove safety and productivity. 
RI 6367. Vapor Pressure of Tungsten (VI) Ohloride 
and Hafnium (IV) Iodide by a Metal Diaphragm 
Technique, by F. D. Stevenson, O. E. Wicks, and F. E. 
Block. 1964; 32 pp. 13 figs. Describes vapor 
pressure measurements of tungsten (VI) chloride 
and hafnium (IV) iodide with a metal diaphragm 
vapor pressure apparatus. Heats of vaporization, 
sublimation, fusion, and transition are calculated 
for the· two systems by means of the Olausius-
Olapeyron equation. Oomparisons are made with 
results of earlier investigators that differ con':' 
siderably and are discussed in detail. 
RI 6368. Ammoniacal-Ammonium Oarbonate Leach-
ing of Manganiferous Materials From the Southern 
District, Aroostook Oounty, Maine, by Theodore L. 
Turner and .J oseph H. Swift. 1964. 33 pp. 10 figs. 
Gives results of a laboratory-scale study of am-
moniacal-ammonium carbonate batch leaching of 
manganese from low-grade manganiferous materials 
from three deposits in Aroostook Oounty. These 
materials were partially reduced at 5000 to 7000 0 
with Hz or 002 and leached with solution of NH3 
and 002 dissolved in water. Extractions of 80 to 
90 percp.nt Mn were obtained from some sample 
materials. hut 10 to 34 percent of the Fe was also 
extracted, indicating that post-leaching treatment 
would be necessary to obtain a commercial-grade 
produc:t; 
RI 6369. Ignition of Ooal Dust-Methane-Air Mix-
tures by Hot-Turbulent-Gas .Jets. by Joseph M. 
Singer. 1964. 24 pp. 14 :fh~R. Presents the results 
of an investigation of the ignition of hybrid coal 
dust-methane-air mixtures by hot-turbul~nt-pulsed­
gas jets generated by explosions in a primary' 
chamber of stoichiometric mixtures of methane, 
oxygen. and nitrogen. This paper reports that 
ignitibility was influenced by the dimension of 
communicating channel between a primary explo-
sionand a hybrid mixture, coal-dust particle size 
in the hybrid mixture, addition of inhibitor to the 
hybrid mixture, temperature of hot igniting jet, 
and concentration of methane and coal dust. 
RI 6370. High-Temperature Heat Oontents and En-
thropies of Andalusite, Kyanite, and Sillimanite, by 
L. B. Pankratz and K. K. Kelley. 1964. 7 pp. 1 
67 
Reports of Investigations 
fig. Gives results of heat content measurements 
above 298.15 0 K for three crystalline varieties of 
AbSi05• A combination of entropy data with 'a free 
energy. of formation value for mullite led to the 
conclusion that the heats of formation of andalu-
site, kyanite, and sillimanite from corundum and 
cristobalite at 1,6000 K are less negativ~ than 
-6.0 kcal/mole. . 
RI 6371. High-Temperature Heat Oontents and En-
tropies of Muscovite and Dehydrated Muscovite, by 
L. B. Pankratz. 1964. 6 pp. 1 fig. Reports new 
experimental values for the high-temperature heat 
content of muscovite in the range from 2980 to 
9000 K and for dehydrated muscovite in the range 
from 298 0 to 1,2000 K. The apparent heat content 
of the water in muscovite was extracted from the 
data and compared with similar information re-
garding water in hydrated minerals. . 
RI 6372. Mine Roof Rock Bolt Behavior Resulting 
From Nearby Blasts, by Oharles J. Stehlik. 1964. 
33 pp. 16 figs. Describes the effects of blasting on 
mine roof bolts and roof rock in the upper shale 
production headings at the White Pine Copper 00. 
mine, White Pine, Mich. Tests indicate that roof 
bolt tension change and roof deterioration were 
caused by the effects of blasting. 
RI 6373. Use of Tritium Tracer Techniques in 
Studies of Gasoline Storage Stability, by Oharles 
S. Allbright; Marvin L. Whisman, and Frank G. 
Schwartz. 1964. 17 pp. 5 figs. Describes the 
use of radioactive tracer techniques in studying 
compounds that cause the formation of gasoline 
gum. About 70 compounds were studied. Infor-
mation derived should be helpful in developing a 
method for predicting storage stability of gasoline. 
Work done in cooperation with Research Division 
of the Army Materiel Command. 
RI 6374. Reducing Vanadium Oompounds in Bomb 
Reactors, by T. T. Oampbell, F. E. Block, and E. R. 
Andersen. 1964. 26 pp. 10 figs. Describes meth-
ods for increaSing the yields and purity of vana-
dium. Ooncludes that yields of 85 to 90 percent 
can be effected by the calcium reduction of V20 5 in 
reactors measuring as much as 14 inches in 
diameter and 60 inches in height. Purity of the 
vanadium produced in large reactors varied from 
99.5 to 99.8 percent. Estimates that pure ductile 
vanadium can be produced for $20 per pound at a 
production rate of 100 tons per year. 
RI 6375. Some Physical Properties of Ceria Pow-
ders Derived From Five Salts, bv Louis P. Do-
mingues, Roy L. Wilfong, and LeRoy R. Furlong. 
. 1964. 10 pp. Describes studies of the variation 
of the bulk and apparent densities, particle size, 
and surface area of ceria powders derived from the 
ammonium sulfate, carbonate, nitrate, oxalate, and 
sulfate salts and heated at 9500 to 1,5000 0 for 1 
to 24 hours. These observations will help the re-
searcher to predict the optimum conditions for the 
commercial production of ceria powders. 
RI 6376.' Hyc1rogasification of a High-Volatile A 
Bitnminous Ooal. by Raymond W. Hiteshue, Sam 
Friedman, and Robert Madden. 1964. 31 pp. 20 
figs~ Discusses the hydrogenation of hvab coal and 
char to high-Btu gas at pressures of 50 to 1,000 
psig and 8000 to 1,200° 0 and presents some of the 
problems of hydrogenating such coal on a con-
tinuous basis. 
RI 6377. Developing a Thermochemical Model for 
the Iron Blast Furnace. Rate of Reduction of an 
Oxide Sphere in a Stream of Reducing Gas, by Hil-
lary W. St. Clair. 1964. 22 pp. 4 figs. Develops 
an equation for the rate of reaction of a sphere of 
metal oxide in a restricted enclosure through 
.which a reducing gas is flowing. The equation 
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represents a theoretical basis for predicting the 
course of reduction of a particle of metal oxide 
in' a shaft furnace. 
RI 6378. Experimental Longwall Mining in a Penn-
sylvania Anthracite Mine (in Two Parts). 1. Use of 
Yielding Steel Props, by Robert J. Brennan, John 
W. Buch, and Edward R. Navrocky. 1964. 27 pp. 
17 figs. Describes the Bureau's efforts to establish 
a productive. mechanized mining system for anthra-
cite beds pitching between 10° and 20°, using a 
drum cutter loader and friction-type yielding steel 
roof supports. The project was discontinued when 
the yielding steel props proved to be unsatisfactorY 
for the existing anthracite mining cohditions. Work 
done in cooperation with the Glen Alden Corp. 
(now Glen Alden Coal Co.). 
RI 6379. Linear Correlation of Magnetic Suscepti-
bility With the Composition of Minerals, by Foster 
Fraas. 1964. 13 pp. 5 figs. Presents a review of 
the literature on solid solutions and discloses that 
the relation between composition and magnetic 
susceptibility is not linear. , Recalculation using a 
transformation of composition values to parameter 
values provides for a linear relation with the 
magnetic susceptibility to the one-half power. Appli-
cation to minerals is illustrated by the olivine and 
enstentite series. 
RI 6380. Accuracy in Estimating Metal Content 
and Tonnage of An Ore Body From Diamond-Drill-
Hole Data, by George S. Koch, Jr., and Richard F. 
Link. 1964. 24 pp. 10 figs. Estimates the metal 
content, and tonnage of an, ore body by statistical 
methods, using data from 18 diamond-drill holes, 
and compares the results with actual values estab-
lished with data from 1,829 drift samples. It is 
concluded that useful estimates can ·be made from 
18 drill holes provided that reasonable assumptions 
are made and certain risks accepted. The ore body 
investigated is the Don Tomas vein of the Frisco 
mine, San Francisco del Oro, Chihuahua, Mexico. 
Work done in cooperation with the Department of 
Statistics, Oregon State University. 
RI 6381. Metathesis of Bastnasite and Solvent Ex-
traction of Cerium, by D. J. Bauer and V. E. Shaw. 
1964. 15 PP. 13 figs. Gives results of processing 
bastnasite concentrate with caustic soda that gave 
99-percent conversion to rare-earth hydroxides. A 
drying step followed by solution in nitric acid 
produced a cerium fraction amenable to extraction 
with tri-n-butyl phosphate. Single-stage separatory 
funnel experiments resulted in 90-percent recovery 
of ceric nitrate at a purity of 99.9 percent and 
fractional extraction in pressure-bubbler columns 
resulted in 98.5-percent recovery of 99.5-percent-pure 
ceric nitrate. 
RI 6382. Preliminary Study of Inorganic Reactions 
in a High-Gamma Radiation Flux, by J. E. Tress 
C. E. Wicks, and F. E. Block. 1964. 17 pp. 2 figs: 
Investigates the utilization of gamma radiation 
with various inorganic materials of metallurgical 
significance. Attempts were made to effect reac-
tions that might be applicable' in the extraction 
and separation of metal values from minerals .and 
ores. Complexing of salts, decomposition of hy-
drated salts, metal chlorination reactions, leaching 
of ores and minerals, halogen exchange, and various 
reducing reactions were studied. 
RI 6383. Anthracite Metallurgical Briquets as Blast 
Furnace Fuel, by J. W. Eckerd, R. E. McKeever, 
W. S. Sanner, and P. L. Woolf. 1964. 16 pp. 4 
figs. Gives data on the successful use of anthracite 
metallurgical briquets in the Bureau's experimental 
blast furnace. Tuyere pressures were higher and 
more erratic than for operations using coke, and 
furnace "han'gs" occurred more frequently. By 
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using higher hot blast temperatures, the fuel and 
production rates and slag volumes were comparable 
to those obtained for all-coke operation. The an-
thracite metallurgical briquets exhibited excellent 
mechanical strength and descended through the 
shaft of the furnace with little breakage. or reduc-
tion in size. 
RI 6384. Analysis of High-Purity Columbium by 
Optical Emission Spectrography, by Lloyd Car-
penter and James M. Nishi. 1964. 16 pp. De-
scribes spectrochemical determination of 19 ele-
ments in high-purity columbium. Method deter-
mined impurities in the general range of 0.5 to 
1,000 ppm; average precision of the method was 
14.2 percent relative standard deviation. 
DI 6385. Flotation of Calcareous Scheelite Ores, by 
K. C. Dean and C. H. Schack. 1964. 15 pp. 
Presents results of an investigation to devise and 
evaluate a flexible flotation method for beneficiating 
typical tactite types of calcareous scheelite-bearing 
ores. The flotation process comprised (1) removal 
of sulfide minerals, (2) conditioning the residual 
ore pulp with sodium carbonate, quebracho, and 
trisodium phosphate, and (3) rougher flotation and 
single-stage cleaning of a scheelite concentrate. 
Over 91 percent of the tungsten was recovered from 
ore containing 0.27 percent WOs, in a concentrate 
containing 11.2 pct WOs. 
RI 6386. Laboratory Continuous Flotation of Ber-
trandite and Phenacite From Mount Wheeler, Nev., 
Beryllium Ores, by Richard Havens and William 
T. Nissen. 1964. 18 pp. 2 figs. Presents results 
of continuous flotation studies made at a 50-pound-
per-hour feed rate to confirm the effectiveness of a 
batch-scale procedure for concentrating phenacite 
and bertrandite from beryliferous ores. The prin-
cipal problem of achieving adequate conditioning 
to depress calcite and fluoride was described. Con-
centrates of 12 to 25 percent BeO were achieved. 
Recoveries, on a BeO basis, ranged from 75 to 88 
percent. Losses probably could be lowered in a 
commercial operation. 
RI 6387. Dissolution and Roasting Techniques for 
Extracting Cesium From Pollucite Ores, by K. C. 
Dean; P. H. Johnson, and I. L. Nichols. 1964. 20 
pp. 4 figs. Gives results of small-scale tests of 
methods of extracting cesium and rubidium from 
Maine, Canadian, and Rhodesian pollucite ores by 
hydrochloric acid, sulfuric acid, and chloridizing 
roast-water leaching. Extractions of cesium from 
ores and flotation products containing over 20 per-
cent cesium were in excess of 97, 93, and 96 percent 
for the hydrochloric acid, sulfuric acid, and chlo-
ridizing roast-water leach processes, respectively. 
RI 6388. Prerefining Pig Iron With a Vortex Cone. 
Preliminary Experiments, by F. X. Tartaron, R. J. 
Leary, and W. M. Mahan. 1964. 20 pp. 9 figs. 
Describes work undertaken. to develop a simple, 
rapid method for prerefining hot metal continuous-
ly. The vortex cone is a funnel-shaped device into 
which a horizontal stream of molten pig iron is 
directed tangentially, causing the stream to flatten 
itself upon the wall and flow in a spiral path to 
the outlet. Oxygen is impinged upon the flowing 
metal, and reaction is facilitated by the large metal 
surface exposed and the turbulent flow. The extent 
of silicon compares with commercial practices in 
steelmaking and is accomplished in the time in-
terval that it takes to pour metal from one ladle 
to another. 
RI 6389. Areal Variation in Reservoir Oil Charac-
teristics, Newcastle Sandstone, Greater Clareton 
Area, Wyo., by C. Q. Cupps, J. Fry, and R. F. Zaf-
farano. 1964. 84 pp. 5 figs. Presents a study 
of the reservoir oil characteristics of the Newcastle 
sandstone in the greater Clareton area. These 
data, correlated with areal location of the wells, 
show an increase of saturation pressure in a gen-
eral north-south or downdip direction, which is 
taken as evidence of updip diffusion of solution 
gas from a somewhat higher concentration at the 
bottom of the reservoir, an effect opposite to that 
previously observed in two prominent high-relief 
reservoirs in the Rocky Mountain area. The in-
creasingly greater saturation pressures downdip 
in the greater Clareton area suggest a continuing 
migration of fluids into the structure. Work done 
in cooperation with the University of Wyoming. 
RI 6390. Columbium and Tantalum .Alloys Suitable 
for Use at High Temperatures, by H. R. Babitzke, 
M. D. Carver, and H. Kato. 1964. 25 pp. 9 figs. 
Gives data on a number of columbium and tantalum 
alloys that were investigated to determine their 
suitability for use at elevated temperatures. Co-
lumbium-vanadium, tantalum-vanadium, and tan-
talum-hafnium alloys, and also columbium-10 
weight-percent titanium alloys modified with - ad-
ditions of 0.1 to 2 mole-percent Zr02, Ti02, ZrB2' TiB2, 
ZrO, or TiC were prepared and tested for work-
ability, tensile properties, and oxidation resistance. 
Of the columbium alloys studied, the columbium-12 
atomic percent vanadium exhibited the best 
properties. 
RI 6391. Effect of Gamma Radiation on Anthracite, 
by Ralph Husack, G. A. Brady, and J. W. Eckerd. 
1964. 28 pp. 13 figs. Discusses the results of tests 
in which anthracite was exposed to gamma radi-
ation up to 1 X lOS rads. Rate of oxidation of 
anthracite was increased, and changes were pro-
duced in the. compOSition of gases evolved froin 
evacuated anthracite. Although drop-shatter tests' 
indicated that the structure of anthracite wa.s 
weakened, the evidence was not supported by the 
results of grindability or particle-size studies. 
RI 6392. Polyethoxylated Amines as Flotation Col-
lectors for Slimed Lead Minerals, by T. E. Hill, Jr., 
W. A. Calhoun, and H. E. Powell. 1964. 19 pp. 
I 15 figs. Determines the effectiveness of certain 
cationic flotation collectors, Ethomeens, in recover-
~ng fine particles of lead minerals from mill tailings 
at a grade equal, at least, to that of the mill feed. 
Best results were obtained with coco amine 0/12, 
soybean amine S/15, tallow amine T/12, and stearyl 
amine 18/20. In comparative tests, the Ethomeens 
were more. selective than conventional anthate col-
lectors for flotation of slimed lead minerals. 
RI 6393. Lightweight Aggregates: Expansion Prop-
erties of Selected Iowa Shales, Clays, and Loess, by 
John W. Sweeney and Howard P. Hamlin. 1964. 
33 pp. 3 figs. Describes preliminary testing and 
evaluation of shales, clays, and loess in Iowa to 
determine feasibility of producing lightweight ag-
gregates by commercial rotary-kiln or sintering 
methods. Three samples made suitable lightweight 
aggregate by rotary-kiln methods and two by 
sintering. 
RI 6394. Some Iron Phyllosilicates of the Cuyuna 
and Mesabi Districts in Minnesota, by Rolland L. 
Blake. 1964. 33 pp. 7 figs. Examination of 96 
thin sections from the thin-bedded facies of the 
main iron formation of the Cuyuna district in-
dicates that the most abundant minerals are 
Mn-Mg-siderite, stilpnomelane, and minnesotaite. 
Reconstitution and recrystallization of minerals 
have occurred along certain beds, and textures 
indicate that some minnesotaite apparently formed 
at the expense of stilpnomelane. The detection of 
ammonia in stilpnomelane samples is the first such 
occurrence reported, and its significance is dis-
cussed. New mineral data are presented on 
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greenalite and probable septechamosite from the 
Mesabi district. 
RI 6395. Comparative Studies of Explosives in 
Limestone, by Thomas. C. Atchison and Joseph M. 
Pugliese. 1964. 25 pp. 11 figs. Gives results of 
measurements of the strain-producing abilities of 
six explosives that were detonated in limestone. 
The data indicated that, at lower values of im-
pedance ratio, the strain intercept is relatively 
larger than would be expected from the simple 
elastic theory. The results presented provide a 
simple method for predicting the relative effective-
ness of different explosives in breaking limestone 
from the detonation pressures and characteristic 
impedances of the explosives. 
RI 6396. Naphthenic Acid Solvent Extraction of 
Rare-Earth Sulfates, by D. J. Bauer and R. E. 
Lindstrom. 1964.19 pp. 14 figs. Presents results 
of extraction studies conducted to assess the poten-
tial of naphthenic acid as a fractional extractant 
for rare-earth mixtures and yttrium in sulfate 
solution. Naphthenic acid was an effective ex-
tractant, and separation factors were favorable in 
the presence of aqueous-phase chelating agents. 
RI 6397. Characteristics of Positive Corona for 
Electrical Precipitation at High Temperatures and 
Pressures, by 0. C~ Shale, W. S. Bowie, J. H. 
Holden, and G. R. Strimbeck. 1964. 17 pp. 7 figs. 
Presents electrical characteristics of positive corona 
for air in a 2-inch-diameter electrostatic precipitator 
operating under dynamic conditions at tempera-
tures of 6000 to 1,5000 F and pressures of 0 to 80 
psig. Results show that current-voltage relation-
ships depend solely on air density. Comparison 
with data on negative corona. demonstrates that 
positive corona has a higher sparkover voltage and 
wider range of operability at temperatures above 
375 0 F. Based on the physics of an ion in an 
electrical field, a theoretical equation is derived to 
define current-voltage characteristics of positive 
corona in terms of air density. 
RI 6398. The System Magnesia-Magnesium Fluo-
ride-Germania-Lithium Fluoride. 6.94 Percent Lith-
him Fluoride, by George McCormick. 1964. 11 pp. 
3 figs. Presents data for 69 composition prepared' 
in the system MgO-MgF2-Ge02 at 6.94 percent LiF. 
In addition to the expected compounds of germ a-
nium, a Ge-fluor-hectorite and a Ge-fluor-chrysotile 
were synthesized. Protoamphibole was not observed. 
RI 6399. Anionic Flotation of Silica From Western 
Mesabi and Menominee Range Iron Ores, by D. W. 
Frommer, M. M. Fine, and L. Bonicatto. 1964. 25 
pp. 3 figs. Describes an investigation made to 
develop an anionic flotation method capable of 
producing concentrates meeting the exacting chemi-
cal specifications for iron-blast-furnace feed and 
yet permitting the treatment of a wide variety of 
iron-.bearing materials. Work done in cooperation 
with' the Hanna Mining Co. 
RI 6400. Stress Determinations by Flat jack and 
Borehole-Deformation Methods, by Robert H. Mer-
rill, James V. Williamson, David M. Rapchan, and 
George H. Kruse. 1964. 39 pp. 30 figs. Describes 
the sites where the rock stresses were measured, 
the flat jack and borehole methods of stress deter-
mination, and the data and results obtained from 
9 flat jack and 157 borehole-deformation measure--
ments. Also discussed are the results of special 
studies to estimate the stress ditribution in the 
rock caused by pressure in the flat jack. 
RI 6401. Statistical Analysis of Some Sample and 
Assay Data From Bedded Deposits of the Phos-
phoria Formation in Idaho, by Scott Hazen. Jr. 
1964. 29 pp. 20 figs. Presents the results of a 
statistical analysis of a limited amount of sample 
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. and assay data from a production panel in an 
open-pit phosphate mine. A frequency distribution 
analysis is shown for the assays, sample interval 
lengths, and products of assay and sample interval 
length for the mill-shale, furnace-shale, and main 
phosphate beds. Correlation techniques were used 
to show the relationships between assays and sam-
. pIe interval lengths. Simulation methods, using a 
digital computer, were used to establish assay 
populations that could be used for estimating grade 
of ore, cutoff grades, and deposit or bed 
identifica tion. 
RI .6402. Investigation of Chlorination Reactions 
Using Carbon 14, by Robert R. Brown, F. E. Block, 
and A. W. Henderson; 1964. 20 pp. 10 figs. The 
chlorination of chromic oxide in the presence of 
carbon with carbon tetrachloride and phosgene chlo-
rinating agents was investigated by employing the 
radioactive tracer carbon 14. Results showed that 
each source of carbon reacts significantly with the 
chromic oxide, that the reactivity of each form of 
carbon depends on the reaction temperature, and 
that each form is independent of the other. 
RI 6403. Uranium Alloyed Steels; Their Fabrica-
tion and Mechanical Properties, by L. W. Higley, 
Jr., and K. A. Fowler. 1964. 16 pp. 8 figs. Gives 
results of a study of an alloying addition of de-
pleted uranium to steels. Uranium additions did 
not incre;lse tensile strength, and hot-shortness 
occurred during forging above 1,090° C because of 
the presence of a low-melting-point constituent of a 
eutectic type. Although a measurable amount of 
radioactive contamination resulted from processing, 
the quantity was never large enough to require the 
work area to be identified as a radiation area. 
RI 6404. Electrostatic Separation of High-Conduc-
tivity Minerals, by Foster Fraas. 1964. 17 pp. 9 
figs. Gives results of research on separation of one 
highly conductive mineral from a second conductive 
mineral. A new technique involved use of carrier-
electrode rolls specially prepared by anodizing and! 
or oxidizing at high temperatures to form suitable 
oxide surfaces. Specific oxides included aluminum, 
copper, and nickel. Separation range was extended 
in relative mineral conductivity from 1<P4 to 
lQ-u mhos. 
RI 6405. Melting Pyrophoric Hydrogen-Reduced 
Iron Powder for Production of Steel, by Lloyd H. 
Banning and Oliver C. Fursman. 1964. 37 pp. 11 
figs. Proves that high-quality steel can be produced 
readily from high-grade iron powder. Shows that 
the pyrophoric powder can be handled safely. Melt-
ing tests were made in a single-phase, electric-arc 
furnace to determine inert-gas requirements for 
preventing powder oxidation. Work done in coop-
eration with Hydrocarbon Research, Inc. 
RI 6406. Using Unequal Sample Interval Lengths 
and Weighted Averages in Estimating Grade of 
Ore for Bedded Deposits, by Scott W. Hazen, Jr., 
and George W. Gladfelter. 1964. 23 pp. 4 figs. 
Randomness tests on sample and assay data from 
the Phosphoria Formation indicate that correlation 
between assay value and sample interval length 
apparently has little effect on the independence 
between successive assays, between successive sam-
ple interval lengths, and between the products of 
assays and sample interval lengths. Therefore, 
these data can be analyzed statistically as long 
as the original sample sections have been selected 
at random for sampling. 
RI 6407. Preparation and Evaluation of the Di-
borides (Ti, V) B2, (Ti, Cb) B2 , and (Ti, Ta) B2, by 
M. E. Tyrell and J. Koster. 1964. 16 pp. 7 figs. 
The diborides (Ti, V) B2 , (Ti, Cb) B2 and (Ti, 
Ta) B2 were prepared in a crucible resistance fur-
nace at 2,100 0 C to determine the feasibility of 
making mixed diborides of two metals directly from 
the metal oxides, boron carbide, and carbon. The 
diboride powders were cold pressed, sintered to 
2,300 0 C, and evaluated for mechanical strength, 
rate of oxidation, and resistance to molten metals. 
RI 6408. Mineralogical Investigation of Beryllium-
Bearing Tuff, Honeycomb Hills, Juab County, Utah, 
by J. W. Montoya, G. S. Baur, and S. R. Wilson. 
1964. 11 pp. 6 figs. Summarizes the results of a 
limited field and laboratory examination of beryl-
lium deposits in tuff beds similar to the extensive 
beryliferous tuff at Spor Mountain. The Honey-
comb Hills samples showed beta-Be(OH)2, as well 
as an amorphous beryliferous substance; in the 
Spor Mountain tuff the beryllium-bearing minerals 
are hydrated bertrandite and beryliferous saponite. 
RI 6409. Alkaline Leach Processing of a Subgrade 
Calcareous Uranium Ore, by K. E. Tame. 1964. 
12 pp. 2 figs. Describes tests on recovering ura-
nium from a submarginal 0.1 percent U308 cal-
careous carnotite ore. Alkaline leaching recovered 
72 percent of the uranium, while recovery by ion 
exchange was about 95.5 percent. No economic 
evaluation of the processes was made. 
RI 6410. Activities of Copper and Nickel in Liquid 
Copper-Nickel Alloys, by C. W. Schultz, G. R. Zel-
lars;, S. L. Payne, and E. F. Foerster. 1964. 9 pp. 
4 figs. The activity and activity coefficient of cop-
per w.ere calculated over the entire range of alloy 
composition. These data, show a slight positive 
deviation from ideal behavior. The activity co-
efficient of copper was highest at 0.05 mole fraction 
copper and approached unity at concentrations 
above 0.85 mole fraction copper. The coefficient 
for nickel was calculated from the copper data. 
Vapor pressure was also determined for copper. 
RI 6411. Magnetization Delay in the Separation of 
Minerals, by Foster Fraas. 1964. 13 pp. 7 figs. 
The magnetic tractive force 011 particles. varies 
not only in accordance with the static susceptibility 
but also with respect to magnetization in a prelim-
inary field and time of retention ih the tractive 
field. Adaptation of these variations provides for 
a greater range of separation selectivity, particu-
larly in the separation of minerals in certain ores 
that have previously been difficult to separate. 
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RI, 6412. Infrared Study of the Effect of Fluoride, 
Sulfate, and Chloride Ions on Adsorption of Oleate 
on Fluorite and Barite, by Alan S. Peck and Milton 
E. Wadsworth. 1964. 15 pp. 10 figs. Investigates 
the effects of fluoride, sulfate, and chloride ions on 
the adsorption reaction between solium oleate and 
water suspensions of synthetic fluorite and barite. 
Infrared analytical methods permitted identification 
of chemisorbed oleate and physically adsorbed so-
cHum oleate species, 011 each mineral, and quanti-
fication of the changes induced by different con-
cetrations of the solium salts. 
RI 6413. Determination of Principal Stress Direc-
tions Through an Analysis of Rock Joint and Frac-
ture Orientations, Star Mine, Burke, Idaho. by 
E. W. Gresseth. 1964. 43 pp. 39 figs. Gives 
results of a study of the joints .and fractures sur-
rounding underground openings in the Star mine 
to show their orientation and to facilitate their 
classification into systems. The direction of the 
principal stresses in the rock were determined in 
situ by the use of strain ellipsoid techniques. The 
objective was to discover if the orientation of in 
situ rock fractures and joints formed a pattern that 
could be utilized in determining the direction and 
effect of past an·d present ground forces in a geo-
logically complex formation. Results indicate at 
least two periods of rock deformation, the first 
during folding and the most recent associated with 
stoping. 
RI 6414. Analysis of High-Purity Columbium by 
Optical Emission Spectrography, by Lloyd Carpen-
ter and James lVLNishi. 1964. 16 pp. Sixteen 
elements were determined spectrochemically in the 
general range of 3 to 1,000 ppm in high-purity co-
lumbium. The dc arc was used as an excitation 
source. Average precision of the method was 11.2 
percent relative standard deviation. 
RI 6415. Heat of Formation of Aluminum Carbide, 
by AlIa D. Mah. 1964. 4 pp. The heat of combus-
tion of aluminum carbide, obtained directly by 
combustion calorimetry, was .6.H298.15 == -1,029.6 
±1.9 kcal/mole. The heat of formation of alumi-
num carbide corresponding to this value was 
.6.H298ol5 == -53.4 ± 2.0 kcal/mole. Previously ex-
isting values of the heat of formation of aluminum 
carbide varied widely, and the better values were 
uncertain by ±10 kcal/mole. The present measure-
ments substantially reduce this uncertainty. 
RI 6416. Carbonizing Properties of Letcher County, 
Ky., Coals, by G. W. Birge, D. E. Wolfson, and 
J. H. Lynch, Jr. 1964. 16 pp. 3 figs. Fourteen 
samples from eight beds were investigated-lflag, 
Fire Clay, Whitesburg, Amburgy, Upper Elkhorn 
No.2, Upper Elkhorn No 3, Upper Elkhorn No.1, 
and Lower Elkhorn beds. The samples were high-
volatile A bituminous in rank, with dry, mineral-
matter-free fixed-carbon contents 'ranging from 55.3 
to' 62.2 percent. Five of the samples, as received, 
were chemically unsuitable for metallurgical use' 
because of excessive ash and/or sulfur content. 
Strength indexes of the cokes were low, and all the 
coals require blending with higher rank coal to con-
stitute satisfactory blast-furnace fuel. 
RI 6417. Recovery of Zinc From Galvanizers' Dross 
and Zinc-Base Die-Cast Scrap by Filtration, by 
J. A. Ruppert and P. M. Sullivan. 1964. 19 pp. 
11 figs. Describes the recovery of refined zinc from 
zinc-base die-cast scrap and galvanizers' dross by 
the formation of solid intermetallic compounds 
which can be separated easily. The low tempera-
tures employed and the inexpensive equipment re-
quirements make the process commercially at-
tractive. 
RI. 6418. Corrosion Resistance of Diborides in the 
Pseudodibinary System TiB2-CrB2' by Gilbert M. 
Farrior. 1964. 21 pp. 11 figs. Describes tests 
of resistance to molten metals, to oxidation at ele-
vated temperatures, and to various chemical re-
agents which were made for a series of composi-
tions in the (Ti, Cr) B2 subsystem. There was no 
noticeable difference in the reaction of the various 
compositions in the (Ti, Cr)B2 series with molten 
metal. Compositions near Tio.oCro.4B2 had the best 
oxidation resistance. The chromium-rich alloys 
showed marked superiority' to . the titanium-rich 
alloys in resistance to corrosion by the chemical 
agents investigated. 
RI 6419. Construction and Operation of a Quartz 
Composite Oscillator, by A. E. Schwaneke. 1964. 
20 pp. 8 figs. Plans and specifications are given 
for constructing a quartz composite oscillator de-
signed to measure friction in metals and alloys. 
Characteristics of the system are listed, and de-
tailed procedures for its operation are explained. 
Typical measurements on manganese-copper alloy, 
on single-crystal magnesium, and on. polycrystalline 
magnesium are shown to illustrate applications of 
the system. 
RI 6420. Oil Yields of Sections of Green River Oil 
Shale in Utah, 1952-62, by K. E. Stanfield. J. W. 
Smith, and L. G. Trudell. 1964. 217 pp. i28 figs. 
'Presents oil-yield data for 40 sets of core samples 
71 
Reports of Inves'tigations 
and 83 sets of drill cuttings from the Uinta basin 
of eastern Utah. The data indicate that Green 
River oil shale in the Uinta basin is not as thick 
or as uniform as that in the Piceance Creek basin 
of western Colorado. However, it is an important 
potential source of oil. Estimates that beds 15 
feet or more thick and averaging 25 gallons of oil 
per ton represent at least 120 billion barrels of oil 
in place are supported by these data. Work done 
in cooperation with the University of Wyoming. 
RI 6421. A Servomechanical System for Measuring 
Vapor ,Pressure of Metal Halides, by L. C. George 
and J. W. Jensen. 1964. 15 pp. 7 figs. Describes 
a new system for precisely counterbalancing and 
measuring vapor pressure. Pressure measurements 
are accurate to ±0.003 cm Hg for the range 0 to 
200 cm Hg. . 
RI 6422. Chemical Ailalyses and Electrical Resis-
tivtiies of Oilfield Brines From Fields in' East 
Texas, by M. E. Hawkins, W. D. Dietzman, and 
C. A. Pearson. 1964. 20 pp. 1 fig. Presents 
results of chemical analyses and electrical resistiv-
ity measurements of 422 samples of brines from 
120 east Texas fields in Railroad Commission of 
Texas districts 5 and 6. These samples represent 
water from all of the major petroleum-productive 
formations in the .area. These data, presented in 
tabular form, are useful in the detection of well 
leaks, identifica~ion of water sources, and interpre-
tation of electrical well logs. 
RI 6423. Leaching Copper-Sulfide Minerals With 
Selected Autotrophic Bacteria, by' Joseph A. Sut-
ton and John D. Corrick. 1964. 23 pp. 10 figs. 
Describes the chemistry, involved in the microbial 
dissolution of iron and copper from such minerals 
as ,pyrite, chalcopyrite, chalcocite, covellite, and 
bornite. The chemical criteria used to evaluate the 
activity of microorganisms on th,ese minerals were 
changes in pH, ferric iron produced, and oxygen 
consumption. The iron-oxidizing bacteria Ferro-
bacillus jerroo{lJidans and Thiobacillu.s jerrooa:idans 
were capable of bringing about the dissolution of 
23.7 percent of the copper from chalcocite, 56.3 per-
cent of the copper from covellite, and 29.8 percent 
of the copper from bornite by the microbial pro-
duction of ferric sulfate which reacted with these 
minerals. 
RI 6424. Pressure Carbonization of a High-Volatile 
A Bituminous Coal to Produce High-Btu Gas, by 
Raymond W. Hiteshue, Sam Friedman, Paul Do-
bransky, and Robert Madden. 1964. 20 pp. 8 figs. 
Describes carbonization of an hvab coal in a closed 
system at 600 0 C and 40 to 1,200 psig to produce 
a high-Btu gas and char. By retaining the volatiles 
within the system, it was possible to virtually elimi-
nate production of tars and oils. Yields of combus-
tible gases amounted to 4,000 to 6,000 cubic feet per 
ton of maf coal,and gross heating values of the 
gases varied from 830 to 960 Btu per cubic foot. 
If these results could be translated into an eco-
nomical process for producing high-Btu gas from 
coal, the demand for coal could be expanded by 40 
to 50 million tons per year. 
RI 6425. Experiments With a Self-Generated Car-
bon-Expanded Iron Catalyst for Synthesis of 
Methane, by J. J. Demeter, W. P. Haynes, and 
'A. J. Youngblood. 1964. 37 pp. 13 figs. Synthe-
sis of high-Btu gas, using the Fischer-Tropsch 
reaction, was investigated in a tube-wall reactor. 
The catalyst was carbon-expanded iron formed on 
the walls of a steel reactor by exposing the reactor 
to 1 H 20 + 1 CO synthesis gas. The catalyst did 
not operate effectively as a film catalyst under 
conditions of generation tried in this study. Gen-
erally, operation of the 2-inch reactor with the 
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catalyst was unsatisfactory because of poor repro-
ducibility of the activation step and poor tempera-
ture control resulting in high operating tempera-
tures and eventual plugging of the reactor. Tests 
suggest that the most likely application for the 
catalyst would be in a moving-bed reactor. 
RI 6426. Evaluation by Filter Methods of the Qual-
ity of Waters Injected in Waterfioods, by Kenneth 
H. Johnston and Joe L. Castagno. 1964. 14 pp. 
8 figs. Describes results of membrane-filter tests 
made as part of a program to develop equipment 
and procedures to evaluate the quality of waters 
and to determine the quality of water suitable to 
efficiently :flood oil sands of known permeability. 
Results indicated that neither the color of the 
water nor that of; the precipitate on a membrane 
filter is a criterion for determining the quality of 
injection water. Gives reasons for poor water 
quality. A good water is required to efficiently 
. fiood sands of low permeability, but fair results 
may be obtained. in :flooding more permeable sands 
with poorer quality water. Work done in coopera-
tion with the Oklahoma Corporation Commission 
and endorsed by the Secondary Recovery and Strip-
per Well Committee of the Independent Petroleum 
Association of America. 
RI 6427. Effects of Substituting Cobalt For Nickel 
on the Tensile Properties and Hardness of T.wo 
Types of Stainless Steel, by M. M. Tilman. 1964. 
16 pp. 6 figs. Investigates the effects of small 
amounts of cobalt (up to 2 weight-percent) in nickel 
on the tensile properties and hardness of type 302 
and 309 stainless steels. In type 302 steels, ten-
sile strength and hardness increased with larger 
percentages of cobalt, percentage elongation and 
reduction in area decreased, and yield strength 
showed little change. In type 390 steels, only 
minor variations were observed for the properties 
investigated; effects of the relatively small cobalt 
substitutions and nickel reductions were somewhat 
reduced by the higher total alloy content. 
RI 6428. X-Ray Diffraction and Optical Micro-
scopic Data on Several Important Phases in the 
Binary Systems CaO-AI203, CaO-Si02' and Na20-
AhOa,by Sarkis G. Ampian. 1964. 53 pp. 12 figs. 
Compares published optical microscopic and X-ray 
diffraction characteristics of the following com-
pounds with Bureau of Mines data: Tricalcium 
aluminate, calcium mono aluminate, d{)decacalcium 
heptaluminate. dicalcium silicate, tricalcium sili-
cate, and sodium aluminate. Presents a recom-
mended set of definitive optical and X-ray diffrac-
tion characteristics, the values of which are used 
to identify products of the lime-soda-sinter proc-
ess for production of alumina. Reexamines poly-
morphism of gamma-, 'beta-, and alpha prime-
dicalcium Silicate and presents new data on poly-
moprhism of tricalcium silicate and sodium alumi-
nate by high-temperature X-ray diffractometry. 
RI 6429. Titanium Resources of Nelson and Am-
herst Counties, Va. (in Two Parts) 2. Nelsonite, 
by George E. Fish, Jr., and Vernon F. Swanson. 
1964. 25 pp. 12 figs. Gives results of an investi-
gation of nelsonite deposits of Nelson and Amherst 
Counties as a source of titanium. The deposits are 
small but of high grade and due to the proximity 
of some of the bodies, several might be mined in 
one operation. Electromagnetic separation on com-
posited samples recovered 83 percent of the Ti02 
as an ilmenite concentrate. Two :flotation pro-
cedures were developed that produced a recovery 
of 59.3 and 66.2 percent Ti02, respectively. Pa~t 1, 
RI 6094, published in 1962, is a study of saprolite 
ores. 
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RI 6430. Separation and Determination of Rare 
Earfii Metals in Zirconium-Rare Earth Alloys, by 
Edward Cogan. 1964. 7 pp. 1 fig. Describes the 
development of a rapid gravimetric method for 
determining rare earths in zirconium in which the 
rare earths are absorbed from sulfuric acid solu-
tion of the alloy on a cation-exchange resin. Re-
covery averaged 97.6 percent on 0.002 p,g europium 
in the rare-earth fraction. Rare earths were deter-
'mined 'in the 0.10- to 90-percent range. A tracer 
technique, using europium 154-152, was used to test 
the efficiency of the procedure in recovering rare 
earths at low levels. 
RI 6431. Methods for Producing Alumina From 
Clay. ,An Evaluation of a Nitric Acid Process, by 
Paul W. Johnson, Frank A. Peters, and Ralph O. 
Kirby. 1964. 25 pp. 9 figs. Evaluates a process 
for recovering alumina from clay, using 30 percent 
nitric acid. Gives estimated capital and. operating 
costs and recommendations for additional research . 
It is the fifth of a series concerning various known 
methods of extracting alUmina from low-grade alu-
minous materials. 
RI 6432. Observations in the Development of Ti-
tanium Refining Cells, by Oliver Q. Leone. 1964. 
27 pp. 16 figs. Gives data on three electrorefining 
cells designed for investigating factors associated 
with the electrore:fining of reject-grade titanium 
sponge. Electrolyte chambers had capacities rang-
ing from 400 to 3,500 pounds of molten salt. Op-
eration of the cells provided data on cell design 
and on how design and operating variables affected 
the quality of the titanium product. One of the 
cells was in intermittent operation over a 4-year 
period and produced 2 tons of refined titanium. A 
product with a hardness of 80 Bhn 01' less was 
conSistently' and easily obtained, and some metal 
with a hardness of less than 60 Bhn was produced. 
RI 6433. The Mass Spectra and Correlations With 
Structures for 23 Alkylthiophenes, by Norman G. 
Foster, D. E. Hirsch, R. F. Kendall, and B. H. 
Eccleston. 1964. 38 pp. 1 fig. Presents the mass 
spectra of 23 alkylthiophenes, including 21 that 
have not been previously reported. A comparison 
with correlations of earlier workers is made, and 
predictions are given. 
RI6434. Comparative Studies of Explosives in 
Granite: Second Series of Tests, by Thomas C. 
Atchison and Joseph M. Pugliese. 1964. 26 pp. 
10 figs. Gives data on the strain-producing abilities 
of five explosives tested in granite. Peak strain 
and scaled radial strain energy per unit area varied 
with scaled distance. D~stance exponents were 
constants of the rock and did not depend upon 
explosive. Intercept constants increased with in-
creasing detonation pressure and with increasing 
energy per unit volume of explosive. Explosives 
with impedances more nearly matching the imped-
ance of the rock produced higher peak strains and 
transferred more of their energy to the rock. Re-
sults presented provide a method for predicting 
the relative effectiveness of different explosives for 
breaking granite. 
RI 6435. Thermodynamic Properties of Sodium 
Bromide and Sodium Iodide at Low Temperatures, 
by T. Estelle Gardner and A. R Taylor, :rr. 1964. 
8 pp. 1 fig. Reports low-temperature heat capacity 
measurements and calculations of thermodynamic 
functions for sodium bromide and sodium iodide. 
The thermodynamic data for sodium bromide are 
original. Work done in cooperation with the Uni-
versity of Alabama. 
RI 6436. Direct Electrolysis of Uranium Dioxide to 
Uranium Metal in Fluoride Melts, by D. G. Kes-
terke, D. C. Fleck, and T. A. Henrie. 1964. 12 pp. 
5 figs. Describes electrowinning of massive ura-
nium metal from uranium dioxide in fludoride 
electrolytes. Product purity of 99.8 percent was 
attained. 
RI 6437. Transfer of Selected Metals in Titanium 
Electrorefining, by E. K. Kleespies and T. A. Hen-
rie. 1964. 9 pp. 2 figs. Discusses studies con-
ducted to determine the transfer rates of nickel, 
tin, copper, bismuth, and manganese from molten 
titanium anodes to solid titanium cathodes in 
molten-salt systems. 
RI 6438. Estimated Cost of Exploiting Enriched, 
Hard Manganese Ore From the Maggie Oanyon De-
posit, Artillery Mountains Region, Mohave Oounty, 
Ariz., by D. A. Elkins. 1964. 78 pp. 23 figs. Gives 
design plans and detailed cost estimates of mining 
and treating. ore from Maggie Oanyon deposit by 
two alternative methods which could be used in 
the event of a sudden need to exploit this resource. 
An operation employing oil-emulsion flotation is 
estimated to cost about $245 per ton of ferroman-
ganese and an operation using dithionate leaching, 
about $284 per ton. Exploitation of the deposit 
by the techniques studied is not economic today. 
RI 6439. A Method of Obtaining the Ultraviolet 
and Visible Spectra of Insoluble Materials, Use of 
a Low-Molecular-Weight Polyethylene as a Matrix 
Material, by F. R. McDonald and G. L. Oook. 1964. 
10 pp. 10 figs. Describes a method of obtaining the 
ultra violet and visible spectra of high-molecular-
weight materials by using low-molecular-weight 
polyethylene as a dispersion medium. Work done 
in cooperation with the University of Wyoming. 
RI 6440. Influence of Oertain Processing Variables 
on the Determination of Moisture in Coal, by R. F. 
Abernethy, E. C. Tarpley, and R. A. Drogowski. 
1964. 12 pp. 2 figs. Oompares three frequently 
used methods (ASTM standard, and the direct and 
indirect methods proposed by the International 
Standardization Organization) for the determina-
tion of 'moisture in analysis samples of coal. For 
most higher rank coals variations between different 
methods are within the ASTM tolerance permitted 
for duplicate tests by the same method. 
RI 6441. Determining Mine-Production Schedules 
by Linear Programing, by D. E. Redmond. 1964. 
48 pp. 16 figs. Gives details of data arrangement 
for solution by linear programing and presents 
solutions. Purpose -of report is to clarify terminol-
ogy and to illustrate applications of linear program-
ing to simple mining problems. Oomputational 
procedures have been simplified, and routine appli-
cations require only a basic understanding of algebra 
in formulating problems. As examples. two mining 
situations were considered: (1) Producing ore from 
mine stopes at minimum cost and (2) obtaining 
maximum value for transporting ore to one mill 
from uranium mines. 
RI 6442. Metallurgical Studies of Rhodonite Ores, 
Silverton District, Colorado (in Three Parts). 3. 
Melting, Quenching, and Acid Leaching of Oon-
centrates and Electrolytic Recovery of Manganese 
From Solution, by H. C. Fl.'iller. V. E. Edlund, 
J. W. Sterner, and J. F. McDermaid. 1964. 31 pp. 
7 figs. Defines optimum process conditions and de-
termines pertinent engineering data with respect 
to the requirements of power for melting, the 
leaching and filtration rates, and the amount of 
reagents consumed. Investigates the possibility of 
producing manganese metal from the sulfuric acid 
leach solution. Part 1, RI 6055, published in 1962, 
describes beneficiation. tests to produce magnesium 
concentrates; Part 2, RI 6062, published in 1962, 
demonstrates the technical feasibility of producing 
silicomanganese from a rhodonitic concentrate by 
electric smelting methods. 
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RI 6443. Synthesis and Properties of Germanium 
Fluorphlogopite, by John L. Miller, Jr., M. V. 
Denny, and H. R. Shell. 1964. 13 pp. 5 figs. 
Gives data on the properties of synthetic ger-
manium fluorphlogopite that was obtained by the 
isomorphic substitution of germanium for silicon 
in the synthetic silicon' fiuorphlogopite structure. 
The morphology of the germanium isomorph 
(K2 ' Mga' .AbGe6 : 0 20F 4) is essentially the same as 
that of synthetic silicon fluorphlogopite. 
RI 6444. Electrodeposition of Molybdenum Metal 
From Molten Electrolytes, by H. J. Heinen and 
J. B. Zadra. 1964. 17 pp. Investigates electro-
winning of molybdenum from oxide feed materials 
dissolved in a variety of molten baths. An 
NaOf·NaF-Na2B40 7-Mo03 system operating at 1,000° 
o in a cell without a protective atmosphere gave 
the best current efficiency, metal-to-cathode adher-
ence, and purity of electrowon metal. Arc melting 
molybdenum electrowon from either chemically pure 
'or commercial-grade MoOs produced ingots that 
contained less than 0.1 percent total impurities 
and had hardness readings of· 168 to 200 Vhn. 
RI 6445. Electrochemical Recovery of Oobalt-Nickel 
Alloy From Superalloy Scrap, by Masami Hayashi, 
Donald R. Peterson, and D. W. Bridges. 1964. 35 
pp. 6 figs. Describes techniques for recovering 
,about 80 percent of the cobalt and nickel contained 
in superalloy scrap by anodic dissolution of the 
scrap and simultaneous electrodeposition of a pure 
cobalt-nickel alloy at the cathodes in an electro-
lytic cell partitioned by permeable diaphragms into 
separate anode and cathode compartments. About 
80 percent of the contained nickel and cobalt in 
superalloy scrap can be recovered in a 50 percent 
nickel-50 percent cobalt alloy. 
RI 6446. Thermodynamic Data for Columbium 
(Niobium) Carbide, by L. B. Pankratz, W. W. 
Weller, and K. K. Kelley. 1964. 9 pp. 2 figs. 
Presents results of measurements of the heat capac-
ity of columbium carbide from 51° to 2980 K. Heat 
content above 298.15° K is measured to 1,800° K. 
Heat and free energy of formation values for co-
lumbium carbide are calculated for 298.15° to 2,000 0 
K. Data fill gaps in the basic thermodynamic 
knowledge of columbium carbide. 
RI 6447. Preparation of Titanium Nitride, by E. K. 
Kleespies, and T. A. Henrie. 1964. 8 PP. 3 figs. 
Describes carbon reduction of rutile and ilmenite 
in nitrogen and ammonia atmospheres as a method 
of preparing titanium nitride. Ammonia was a 
better nitriding agent that nitrogen. The contact 
between the' solid reactants, carbon and rutile, was 
a prime factor in nitrogen atmospheres and was 
of lesser import in dissociated ammonia. The re-
duction process for conversion of rutile to the 
nitride required carbon. The nitriding of ilmenite-
carbon mixtures produced titanium nitride and 
elemental iron. 
RI 6448. Beneficiating Low-Grade Chromites From 
the Stillwater Oomplex, Montana, by G. V. Sullivan 
and G. F. Workentine. 1964. 29 pp. 2 figs. Pre-
sents results of beneficiation studies conducted on 
three low-grade chromite-bearing ore samples from 
the Mouat, Benbow, and Gish deposits. Tabling, 
flotation, high-tension electrostatic separation, and 
combinations of processes were applied to each ore. 
Most successful technique was treatment of the 
Mouat sample (9.95 percent 01'203) by high-tension 
electrostatic separation, a combination of tabling 
and high-tension electrostatic separation, and ta-
bling with middling retreatment. . The resulting 
concentrates graded 42.8, 42.0, and 40.7 percent 
01'203 at chromium recoveries of 85, 86, and 84 per-
cent, respectively. 
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RI 6449. Production of Lightweight Aggregate 
From Washery Refuse, by J. W. Myers, J. J. 
Pfeiffer, and A. .A.. .Orning. 1964. 19 pp. 7 figs. 
Gives results of a study of the feasibility of using 
washery refuse to manufacture lightweight aggre-
gates. The aggregate was prepared by pelletizing 
the refuse and burning out the carbonaceous ma-
terial on a chain grate in a refractory-lined furnace. 
A commercial development based upon the results 
of this study yielded a product which met ASTM 
specifications for lightweight aggregate, and blocks 
made from the aggregate were of good color, dura-
ble, and light in weight. 
RI 6450. Noise From Pneumatic Rock Drills. Shape 
and Exit Noise of an Exhaust Muffler, by J. W. 
Chester, R. T. DevVoody, and W. C. Miller. 1964. 
12 pp. 10 figs. Results of tests of mufflers of three 
different shapes showed that shape is not critical 
and that a muffler could be incorporated into the 
shell of the drill. Petal diffusers are beneficial 
in reducing exit noises, but add another projection 
to the machine. Increasing the number of exit 
openings. while maintaining the same area of exit 
openings has .a markedly beneficial effect on the 
exit noise and appears to be the most satisfactory 
treatment. 
RI 6451. Electro-dewatering Tests of Florida Phos-
phate Rock Slime, by M. H. Stanczyk and I. L. 
Feld. 1964. 19 pp. 4 figs. Describes dewatering 
of typical Florida phosphate rock. slime by electro-
osmotic techniques to determine if a compacted, 
plastic solid product could be obtained with simul-
taneous recovery of the water for reuse. Tests 
with porous cathodes a:ud rod-type anodes imbedded 
in dilute slime charges of up to 4 tons in weight 
showed that the slime could be dewatered to about 
35 percent solids. Work done in cooperation with 
the University of Alabama. 
RI 6452. Manganese Extraction Studies Using Fer-
rous Sulfate and Pickle Liquor, by H. P. LeVan, 
E. G. Davis, and L. S. Smith. 1964. 18 pp. 1 fig. 
Discusses extraction of manganese from ore with 
either a ferrous sulfate solution or pickle liquor 
(a ferrous sulfate-sulfuric acid solution), filtration 
of ore pulps, and the agglomeration of the iron-rich 
residue. Work done in cooperation with the Uni-
versity of Alabama. 
RI 6453. Sealing a Goal-Mine Passageway Through 
a Borehole. A Progress Report, by John Nagy, Don-
ald W. Mitchell, and Edwin M. Murphy. 1964. 13 
pp. 10 figs. Discusses five methods for remote 
sealing of mine passageways through boreholes-
pneumatic injection of mineral wool and sand, urea-
formaldehyde foam, balloons, urethane foam, and 
caving by blasting. FUrther research is needed to 
Simplify and improve the techniques involved. 
RI 6454. Preparation of Thick Coatings of Tung-
sten, by F. X. McCawley, C. B. Kenahan, and David 
Schlain. 1964. 28 pp. 17 figs. Describes the 
electrodeposition of protective coatings of tungsten 
from a sodium and lithium borate-tungstate-tungstic 
oxide fused-salt electrolyte. Thick deposits of 
tungsten (up to 26 mils) were made at a tempera-
ture of 900 0 C and a current density of 0.3 to 0.4 
ampere per square inch. Coatings of tungsten were 
made on molybdenum, Carpenter 20 stainless steel, 
Inconel, and nickel. 
RI 6455. Absorption Corrections for Intensity of 
X-Rays Scattered by Weakly Absorbing Polytype-
Crystalline Materials, by Victor H. Tiensuu, Robert 
'V. Smith, Jr.,. and Sabri Ergun. 1964. 12 pp. 6 
. figs. Considers factual geometries for X-ray scat-
tering studies of weakly absorbing materials by 
both reflection and transmission methods. For poly-
crystalline carbons the use of idealized geometries 
leads to several percent error in the corrections 
to be made; the use of factual geometries sub-
stantially reduces this error. 
RI 6456. Methods U sed in Preparing Boron, by 
D. Z. Hobbs, T. T. Campbell, and F. E. Block. 1964. 
16 pp. 4 figs .. Describes the preparation of boron 
by metering boron trichloride gas into a crucible 
containing molten metal reductants. Magnesium 
and sodium were tested as reductants, but the best 
results were achieved using lithium or zinc as 
reductants. Impurities ranged from 0.5 to 5.0 per-
cent. Impure boron (85 to 90 percent) was also 
prepared by the magnesium reduction of boron tri-
oxide in a thermite-type reaction. 
RI 6457. Solvent Extraction Recovery of Thorium 
and Yttrium from Siliceous Colorado Ores, by S. R. 
Borrowman, and D. W. Bridges. 1963. 16 pp. 7 
figs. Explains method of recovery of thorium and 
yttrium oxides from siliceous ores of the Powder-
horn, Colo., area by acid curing, subsequent acid 
baking; leaching; and solvent extraction of tho-
rium, using a primary alkylamine, and yttrium, 
using di-2-ethylhexyl phosphoric acid. About 95 
percent of the contained thorium and yttrium was 
recovered from ore containing 1.2 percent Th02 
and 0.5 percent Y20a; the thoria product was 99 
percent Th02 and the yttria product was 77 per-
cent Y20a. 
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RI 6458. Extraction of Sulfides From Petroleum 
Fractions by Conversion to Sulfonium Salts, by R. 
L. Hopkins, H. J. Coleman, C. J. Thompson, and 
H. T. Rall.1964. 20 pp. 12 figs. Describes two 
separative procedures, the methyl-p-toluene-sulfo-
nate method and the hydrogen iodide method, used 
to extract sulfides from petroleum fractions. The 
methods were evaluated using individual pure 
sulfur compounds and blends of sulfur compounds 
and also were applied successfully to separating 
sulfides from sulfur concentrates derived from 
petroleum fractions. 
RI 6459. Cost Estimates and Optimum- Conditions 
for Continuous-Circuit Leaching of Mercury, by 
J. W. Town and W. A. Stickney. 1964. 28 pp. 3 
figs. Summarizes results of stUdies of continuous-
circuit leach-aluminum precipitation and leach-
electrodeposition of mercury made to determine 
optimum conditions and cost estimates for recover-
ing mercury from mercury sulfide flotation con-
centrates. 
RI· '6460. Secondary Oil Recovery Possibilities. 
Cow Run Sand Burning Springs Pool, Wirt County, 
W. Va., by James A. Wasson, Harry R. Johnson, . 
and Dean W. Boley. 1964. 57 pp. 24 figs. The 
Cow RUn sand was cored and electrical and 'radio-
, activity surveys were made in the G. E. Vande-
vender well 35 in the Burning Springs pool of the 
Burning Springs oilfield in Wirt County. Labora-
tory tests, reservoir-flUid analYSis, well-log inter-
pretation, and available field data indicate that a 
substantial quantity of oil may be recovered from 
this pressure-depleted reservoir by waterflooding. 
Two other formations were similarly evaluated in 
the A. E. Mackintosh well 8, Anns Run pool, but 
were found unsuitable for secondary-recovery 
operations. 
RI 6461. Analyses of Tipple and Delivered Sam-
ples of Coal, Collected During Fiscal Year 1963, by 
S. J. Aresco, J. B. Janus, and F. E. Walker. 1964. 
38 pp. Presents the results of analyses of 6,999 
samples collected in connection with Government 
coal purchases. Heating value and proximate 
analyses are given for all the samples; ash-soften-
ing temperature, free-swelling index, and Bard-
grove grindability index are also shown for many 
samples. 
RI 6462. The Stress Field Within a Core Stub in a 
Borehole, ,by Albert J. Rambosek. 1964. 16 pp. 
11 figs. Gives information on the stress field in a 
core stub at the bottom of a cored borehole, and 
whether, and at what distance, in terms of core 
diameters from the face of the borehole, relief of 
stresses in the core is complete. 
RI 6463. Preparation Oharacteristics of Coal From 
Hancock, Brooke, Ohio, and Marshall Oounties, W. 
Va., by Albert W. Deurbrouck. 1964. 34 pp. 3 
figs. Describes the preparation characteristics of 
the significant coalbeds in Hancock, Brooke, Ohio, 
and Marshall Oounties, W. Va. Twelve coal sam-
ples were collected for this study, 11 from the 
Pittsburgh bed and 1 from the Lower Freeport 
bed. Two of these samples could be upgraded to 
produce metallurgical-grade coal. The sulfur con-
tent of the Pittsburgh-bed coals was generally 
excessive--as high as 4.9 percent in the raw coal and 
3.19 percent in the float 1.30 specific gravity fraction. 
RI 6464. Vapor Deposition of Tungsten on MERM 
Rocket Nozzles, by F. W. Hoertel. 1964. 19 pp. 
17 figs. . Describes laboratory experiments in lining 
graphite and rhenium-lined graphite nozzles with 
a coating of tungsten by reduction deposition of 
tungsten hexafluoride. MERM (Material Evalua-
tion Rocket Motor) nozzles have surface configura-
tions that preclude the conventional fabrication of 
high-density tungsten liners. Operation at 550 0 C 
produced selectively placed uniform coatings of 
specified thicknesses at near theoretical density on 
the graphite and rhenium-lined graphite nozzles, but 
it was not possible to deposit an acceptable coating 
on a beryllia nozzle. Work done under an agree-
ment between the Bureau of Mines and the Special 
Projects Office, U.S. Department of the Navy. 
RI 6465. High-Leve1 Gamma-Ray Dosimetry at the 
Albany Cobalt 60 Facility, by S. D. Hill and F. E. 
Block. 1964. 16 pp. 10 figs. Describes investiga-
tions of techniques by which high-level gamma-
radiation intensities can be measured. Procedures 
have been developed for mapping isodose contours 
inside various source holders, and the information 
has been compiled in a form useful to research 
personnel interested in using the Albany (Oreg.) 
cobalt 60 facility. 
RI 6466. Continuous Flotation of Beryl From Spo-
dumene Mill Tailing, Foote Mineral Oompany, 
Kings Mountain, N. C., by James S. Browning, 
Thomas L. McVay, and Paul E. Bennett. 1964. 24 
pp. 7 figs. Describes continuous 1.0- to 1.5-ton-
per-hour pilot plant flotatiDn tests made to deter-
mine the technical and ecOnomic feasibility of 
recovering beryl from flotation tailing produced at 
the spodumene concentrator of the Foote Mineral 
Co. Best results were obtained when using an acid 
circuit and amine-type cationic reagents to float 
a bulk beryl-feldspar concentrate and then selec-
tively floating the beryl away from the feldspar 
using a petroleum sulfonate collector. About 77 
percent of the beryllium in the pilot plant feed 
was recovered in a concentrate containing 6.42 
percent BeO. Work done in cooperation with the 
Foote Mineral 00. and the University of Alabama. 
RI 6467. Synthesis and Some Properties of Fibrous 
Silicon Nitride, by Robert O. Johnson, vVilbur H. 
Warwick, and H. R. Shell. 1964. 25 pp. 8 figs. 
Gives data on alpha silicon nitride fibers, ShN4 • 
that were successfully grown in graphite crucibles 
by a new method utilizing silicates and silicon as 
sources of silicon and using carbon, aluminum, and 
silicon as reducing agents. A buildup of coatings 
on the solid raw-material particles hindered the 
evolution of silicon or silicon monoxide vapor and 
thereby slowed down further formation of silicon 
nitride fibers. The fiber widths were generally 
only a few microns whereas their lengths sometimes 
reached one-quarter inch or more. Ohemical and 
75 
Reports of Investigations 
X-ray analyses indicated that bulk fiber samples 
were usually 80 to 90 percent SiaN4• The fibers 
had good oxidation resistance to about 1,2600 C. 
Thermal shock resistance was excellent. Electrical 
resistance was determined. 
RI 6468. Petrographic Study and Olassification of 
Western Phosphate Ores, by O. P. Mabie and H. D. 
Hess. 1964. 95 pp. 64 figs. Describes in detail 
the .results of p.etrographic research conducted on 
21 phosphate ores representing important deposits 
in southwestern Montana, southeastern Idaho, and 
northeastern Utah. On the basis of this investi-
gation, operational methods have been developed 
for quantitatively describing textural and composi-
tional features that are likely to be significant in 
determining the response of phosphate ores to 
conventional beneficiation treatments. 
RI 6469. Expanded Investigation of Beryllium Sol-
vent Extraction ofSporMountain, Utah, Ore, by 
R. O. Dannenberg, Laird Orocker, and D. W. 
Bridges. 1964. 31 pp. 16 figs. Describes stUdies 
of beryllium recovery from Spor Mountain, Utah, 
ore by acid leaching and solvent extraction opera-
tions. The resulting beryllia was 98 to 99 percent 
BeO and was suitable for most nonnuclear uses. 
The economy of the process has been improved over 
previously reported work by utilizing less acidic 
aqueous feed and increasing the specific power 
input to the mixers. 
RI 6470. Hydrogenation of New Mexico Ooal at 
Short Residence Time and High Temperatures, by 
Sam Friedman, Raymond W. Hiteshue, and Martin 
D. Schlesinger. 1964. 28 pp. 12 figs. Describes 
hydrogenation of New Mexico coal in a bench-scale 
semicontinuous unit at pressures of 500 to 6,000 
psig, at 480 0 to 1,000° C, and re.sidence times of 1 
to 15 minutes. The coal yielded large quantities 
of gaseous hydrocarbons and small quantities of 
low-boiling oils, high in single-ring aromatics. 
Work done in cooperation with the El Paso Natu-
ral Gas 00. 
RI 6471. Hydraulic Fracture Treatments in Glade 
and Olarendon Oil Reservoirs, Warren Oounty, Pa., 
by Robert L. Rough and William E. Eckard. 1964. 
22 pp. 10 figs. Describes hydraulic fracturing in 
oil wells in Warren Oounty, Pa. Presents methods 
of well completion for single- and multiple-stage 
fracturing of old and new wells. .A. vel' age oil pro-
duction after fracturing with a sand-carrying liquid 
is compared with production after fracturing with 
liquid nitroglycerin. . 
RI 6472. A Oase Study of the Validity of Scaling 
Laws for Explosion-Generated Motion, by Barry R. 
Nicholls. 1964. 14 pp. 7 figs. Gives acceleration 
data that were recorded underground from a series 
of chemical explosive shots detonated as part of the 
pre- and post-shot mine examination at Project 
Gnome. Data from the series of small tests pro-
vided sufficient data to make reliable predictions 
of acceleration for the large nuclear explosion. 
tRI 6473. A Stainless Steel Fume Hood For Safety 
in Use of Perchloric Acid, by W. E. Dieter, L. Cohen, 
and M. E. Kundick. 1964. 12 pp. 7 figs. Describes 
the majDr details of design and maintenance of a 
seamless stainless steel fume hood system, developed 
by the Bureau. Operating and housekeeping rou-
tinps llre nlltlined. 
RI 6474. Methods of Analyzing Oilfield Waters: 
~elenium and Tellurium, by A. Gene Collins, Cathy 
J. Waters, and Cynthia A. Pearson. 1964. 19 PP. 
1 fig. Outlines methods .of determining the amount 
of selenium and tellurium in oilfield water. Less 
than 0.05 mg/l of selenium 0.1 mg/l of tellurium 
can be determined. 
t Out of print. 
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RI 6475. Perfluorocyclobutane: The Thermody-
namic Properties of the Real Gas, by R. H. Harrison 
and D. R. Douslin. 1964. 14 pp. 4 figs. Presents 
the thermodynamic properties H - H O, (H - HO)I 
T, S - Sideal' S - So, F - Fideal' F - F O, (F-
FO) IT, and activity coefficient Y for perfluorocyclo-
butane calculated as functions of temperatures 
(115.22° to 350° C) and molal density (0.75 to 6.5 
moles per liter). Describes improved analytical and 
graphical correlating techniques. Work done under 
an agreement between the Bureau of Mines and the 
Office of Scientific Research of the Air Research and 
Development Command, U.S. Department of the Air 
Force. . 
RI 6476. Infrared Analysis of Gases Produced Dur-
ing Molten-Salt Electrolysis of Metals, by J.L. 
Johnson, G. H. Cobb, and H. H. Heady. 1964. 11 
pp. 3 figs. Describes an infrared absorbance tech-
nique for analyzing anodic gases produced during 
electrowinning of uranium, thorium, and rare-earth 
metals in molten fluorides. Quantitative determi-
nation of CO, C02, CF4, and SiF4 takes about 20 
minutes; qualitative analysis takes about 15 min-
utes. 
RI 6477. Properties of Hydraulic Backfills and Pre-
liminary Vibratory Compaction Tests, by David E. 
Nicholson and William R. Wayment. 1964. 31 pp. 
15 figs. Oovers field sampling on in-place fill densi-
ties at four mines and laboratory and underground 
compaction tests using a standard concrete vibrator. 
Report is first of a series covering current Bureau 
of Mines research on hydraulic backfilling. 
RI 6478. Manganese Resources of the Batesville 
District, Arkansas (in Three Parts). 3. Field In-
vestigations: July 1956 to June 1961, by R. B. 
Stroud. 1964. 50 pp. 15 figs. Describes and gives 
results of field investigations by the Bureau of 
Mines on manganese resources of the Batesville dis-
trict from July 1956 through June 1961. The work 
comprised areal reconnaissance, mapping, churn and 
core drilling, and core sampling. This publication is 
the final report in a series; RI 5206 and 5411 were 
the first and second reports, respectively. 
RI 6479. Electrical Dewatering of Dilute Clay 
Slurries, by Hal J. Kelly and Henry M. Harris. 
1964. 21 pp. 11 figs. Shows that dilute clay slur-
ries can be dewatered in the laboratory to approxi-
mately 60 percent solids by electrophoresis. A bal-
ance between recovery and a balance between yield 
and solids in the product must be effected for 
optimum results. When a single cell was used, 
maximum yield and solids in the product were at-
tained with slurries of high specific gravity. Recov-
ery, however, appeared to be a function .of electrical 
input and to a lesser extent of speCific gravity. 
RI 6480. Electrical Resistivity of Cerium Metal 
From 4 0 to 3000 K, by R. D. Smith and E. Morrice. 
1964. 13 pp. 7 figs. Describes thermal expansion 
and electrical resistance measurements made on 
cerium metal from 4° to 3000 K. Gives a detailed 
desc:dption of the apparatus developed, including 
a speCimen holder and a cryostat system, along with 
the experimental techniques used in obtaining the 
measurements. 
RI 6481. Smelting Copper Reverberatory Slags To 
Recover Iron of Low Copper and Sulfur Content, 
by V. E. Edlund. 1964. 14 pp. 2 figs. Describes 
an investigation to determine the feasibility of pyro-
metallurgical treatments of copper reverberatory 
slags to recover marketable iron. The product is 
low in silicon, but otherwise meets specifications for 
pig iron and melting stock that is to be used to make 
steel in the basic open hearth furnace. 
RI 6482. Correlation of ASTM and Micum Ooke 
Test Methods, by J. G. Walters, G.W. Birge, and 
D. E. Wolfson. 1964. 48 pp. 4 figs. Gives deter-
minations of relative strengths of 18 commercially 
produced cokes by ASTM and Micum tumblers and 
AS'FM shatter tests. The objective was to deter-
mine the degree of correlation between ASTM and 
Micum tumbler data and to develop equations that 
would enable the conversion of data from one test 
method for comparison with those determined by 
the other, and thereby facilitate the international 
exchange of data. 
RI 6483. X-Ray Spectrographic Analysis for Trace 
Quantities of Tantalum in Columbium, by P. A. 
Romans, W. J. Niebuhr, and J. R. Hauger. 1964. 
llpp. 2 figs. Discusses the selection of X':'ray 
spectrographic instrumentation needed to determine 
as little as 20 ppm tantalum in columbium. In-
cludes a technique for accomplishing this low-level 
determination of tantalum. An ion-exchange meth-
od for separating tantalum from columbium is also 
described. --
RI 6484. Beneficiation Studies of the Oregon Coastal 
Dune Sands for Use as Glass Sand, by George J. 
Carter, Henry M. Harris, and Karle G. Strandberg. 
1964. 21 pp. 5 figs. Sands frOin 13 dune localities 
between Fort Stevens and Coos Bay were stUdied. 
The sands between the Umpqua River and Ooos Bay 
contained fewer impurities and were easiest to bene-
ficiate. Tests on a composite sample from Coos Bay 
indicated that high-intensity ill.agnetic separation 
followed by acid leaching would produce a product 
that coulld be used in amber and clear container 
glass batches. Good glass-sand concentrates were 
also prepared by froth flotation; however, recovery 
was low and reagent costs excessive. Work done 
in cooperation with the School of Mineral Engineer-
ing, University of Washington. 
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RI 6485. An Evaluation of the Western Phosphate 
Industry and Its Resources (In Five Parts) 1. in-
troductory Review, by A. L. Service and C. O. 
Popoff. 1964. 86 pp. 35 figs. Presents background 
information, including geology, mining, beneficiation, 
processing, resources, and economics, to provide a 
comprehensive introduction t.o a series of four area 
reports. About 20 percent of the Nation's phosphate 
comes from Montana, Idaho, Wyoming, and Utah, 
which have 58 percent of the Nation's phosphate 
reserves. Continuing development of the Western 
phosphate industry is assured by these abundant 
resources and an increasing demand for phosphate 
products. 
RI 6486. Preparation of Copper Powder From 
Leach Solutions After PreCipitation With Iron, by 
R. D. Groves. 1964. 23 pp. 4 figs. Describes how 
high-grade copper powders can be produced under 
controlled conditions from cement copper products. 
The technique should enable small producers to pre-
pare a directly marketable product by means other 
than smelting and electrolytic purification. Treat-
ment of leach solutions from three different sources 
resulted in copper powder containing 99.2 to 99.8 pct 
Cu, apparent densities of 1.97. to 2.25 grams per 
cu cm, good powder flow rates, and a size dis-
tribution of 54.9 to 60.1 pct minus 325-mesh material. 
RI 6487. Design Requirements for Instrumentation 
T~ Record Vibrations Produced by Blasting, by 
WIlbur I. Duval. 1964. 7 pp. 1 fig. Discusses the 
need for better portable velocity seismographs to 
record building and ground vibration produced by 
blasting and describes the assembly of such a seis-
mograph from commerCially available velocity 
gages, amplifiers, and recorders. 
RI 6488. A. Pilot-Scale Fluidized-Coal Feeder Util-
izing Zone Fluidization, by W. R. Huff, J. H. Holden, 
F. F. Willmott, and G. R. Strimbeck. 1964. 20 pp. 
15 figs. Describes equipment developed by the 
Bureau for the fluidized feeding of approximately 
1 ton of pulverized coal per hour to a pilot-scale 
pressure gassifier. AlSQ described is a cQal-stQrage 
and feeding system based .on the fluidized methQd. 
RI 6489. ElectrQrefining Beryllium. OperatiQn .of a 
ProtQtype Cell, by lVI.M. Wong and J. E. KlQster-
man. 1964. 17 pp. 7 figs. Describes electr.orefin-
ing in a protQtype cell scaled up from lab .oratory 
apparatus. Operations demonstrated that adapting 
the 'beryllium electrorefining process tQ the relative-
ly large pr.ototype cell presented little difficulty in 
mechanical functiQns, maintenance .of optimum 
operating c.onditiQns, and cQntrol .of product purity. 
Work done in cooperatiQn with the U.S. AtQmic 
Energy CQmmission and the University .of OalifQr-
nia Lawrence Radiation LabQratQry. 
RI 6490. Triaxial Method fQr Determining the 
Elastic CQnstants .of Stress Relief Cores, by Leonard 
Obert. 1964. 22 pp. 12 figs. Describe!3 a triaxial 
procedure for measuring modulus of elasticity and 
Poisson's ratio of stress relief cores. The appendix 
considers the problem of the thick-wall cylinder sub-
jected to an internal pressure, an external pressure, 
and an axial strain. 
RI 6491. Selective FlotatiQn of a Barite-FluQrspar 
Ore Fr.om Tennessee, by W. H. Eddy and JamesS. 
Browning. 1964. 8 pp. 1 fig. Describes procedures 
tQ further develop lignin sulfonate-sodium fluQride-
fatty acid method for flotation of complex barite~ 
fluorspar ores and to adapt it to continu.ous-scale 
operations. Material studied was a complex fer-
ruginous barite-fluorspar ore from Tennessee.' RI 
6187 was the first in this series. WQrk dQne in CQ-
QperatiQn with U:nive-rsity of Alabama. 
RI 64:92. Columbium-Hafnium Equilibrium Dia-
gram,by R. E. Siemens, H. R. Babitzke, and H. 
Kato. 1964. 11 pp. 3 figs. Describes tests made 
.on the columbium-hafnium allQYs for use as high-
temperature structural materials. The system was 
investigated between 700 0 and 2,400° C by melting 
PQint, thermal analysis, X-ray diffraction, electrical 
resistivity, and metallographic techniques. AllQYs 
cQntaining less than 83 atQmic percent hafnium may 
b! ·:favorable f.or high-temperature use. 
RI 6493. Simulating Mineral DepQsits Using MQnte 
CarlQ Techniques and Mathematical MQdels, by 
Richard F. Hewlett. 1964. 27 pp. 18 figs. Pre-
sents the cQmputer prQgralJIling methQds and mathe-
matics required to generate either randQm nUIhbers 
.or nQrmal random numbers to be used fQr the CQn-
structiQn .of statistical prQbability models fQr simu-
lating mineral deposits by MQnte CarlQ techniques. 
Work done in cooperation . with Bear Creek 
Mining CQ. and the College of Mines, University 
.of ArizQna. 
RI 6494. A Study of the Feasibility .of Using Nu-
clear ExplQsion.s TQ Increase Petroleum Recovery, 
by Charles H. Atkinson, and Robert T. JQhansen. 
1964. 18 pp. 4 figs~ Reports results obtained to 
date frQm a study of the general feasibility .of using 
lmdergrQund nuclear explQsiQns tQ increase the re-
CQvery .of petroleum from reservQirs nQrmally hav-
ing lQW productivity. Calculations .of the effect .on 
ultimate recovery of increasing temperature with 
nuclear explosives shQwed' disapPQintingly small 
increases, but productiQn increases caused by frac-
turing .of massive IQw-permeability reservoirs ap-
pear economically prQmising. WQrk done under an 
agreement between the Bureau .of Mines and the 
U.S. Atomic Energy CQmmission. 
RI 6495. Heats and Free Energies .of F.ormatiQn .of 
Sulfides .of Manganese, Iron, Zinc, and Cadmium, 
by L. H. Adami and E. G. King. 1964. 10 pp. The 
heats of formation of four sulfides-MnS (ala-
bandite), FeS (hexagonal pyrrhotite), ZnS (wurt-
zite) , and CdS (greenockite)-were determined 
by hydrochlQric acid solution calorimetry. The 
heats .of fQrmati.on from the metals and rhQmbic 
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sulfur at 298.15° K, are respectively -51.01±0.19, 
-23.81±O.24, -45.86±0.20, and -35.70±0.30 kcali 
mole. The cQrresponding free energies .of formatiQn 
were calculated frQm the heats .of formation and 
the pertinent entrQPY values. 
RI 6496. A Semiquantitative Spectrochemical Meth-
Qd for Analysis .of Coal Ash, by M. J. Peters.on and 
J. B. Zink. 1964. 15 pp. Describes semiquantita-
tive spectrQchemical methods for determining trace 
elements in the ash of U.S. coals. The analytical 
procedure provides' for the estimatiQn of 68 major, 
minor, and trace cQnstituents; 36 trace elements 
were found in the analysis .of 900 samples. 
. RI 6497. Electric Smelting .of TitaniferQus Iron 
Ores From Alaska, Montana, and WYQming, by Wes-
ley T. HQlmes II and Lloyd H. Banning. 1964. 23 
pp. 4 figs. Describes a method for successfully 
treating titaniferous materials to produce pig iron 
and enriched titania sla'g. Pig irons containing less 
than 0.05 percent phosph.orus or sulfur were readily 
produced; iron recoveries ranged frQm 92 to 98 per-
cent. The Choteau, Mont., .ore was ground tQ minus 
65-mesh to produce a concentrate containing 60 per-
cent .or more iron. The steel pr.oduced from the 
titaniferous pig iron . was a high-quality prQduct. 
Work done in cooperation with the General Service 
Administration. 
RI 6498. Intermetallic Phases in Magnesium-Rich 
Magnesium-Aluminum-Zirconium AllQYs, by R. L. 
Crosby and L. W. Higley, Jr. 1964. 13 pp. 4 figs. 
Studies magnesium-rich magnesium-aluminum-zir-
cQnium alloys in the cast and in the extruded and 
heat-treated conditi.on tQ identify the phases present 
and to determine phase distribution. ZrAh and 
Mg17Ab were identified. 
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RI 6499. Low-Temperature Phase Equilibria of a 
Natural Gas of Low Helium CQntent, by Will E. 
DeVaney, Lowell Stroud, and W. J. BOQne, Jr. 1964. 
17 pp. 6 figs. This report is the fifth in a series 
presenting equilibrium vapQr-liquid data fQr helium-
bearing natural gases. It covers O.41-mole-percent-
helium natural gas that may be prQcessed in the 
Department of the InteriQr's IQng-range helium con-
servatiQn program. The . first fQur reports were RI' 
5823, 6008, 6145, and 6278. 
RI 6500. Electrical CQnductivity and Density .of 
Molten Systems of Uranium TetrafluQride and 
ThQrium Fluoride With Alkali FluQrides, by E. A . 
Brown and Bernard Porter. 1964. 18 pp. 7 figs. 
Gives informatiQn .on electrical conductivities and 
densities of the LiF-Uf4, LiF-ThF4, NaF-UF4, and 
NaF-ThF, systems when measured as functions .of 
compositiQn and temperature. Molar and equivalent 
volumes ,as well as heats .of activation for con-
ductance, were calculated frQm the experimental 
data. The data are interpreted on the basis of' a 
semilattice model fQr the melts. 
RI 6501. ApplicatiQn of SimulatiQn in Evaluating 
Low-Grade Mineral DepQsits l by' Richard F. Hew-
lett. 1964. 62 pp. 74 figs. Presents methods de-
vel-oped for simulation of populations of assays that 
are representative of a depQsit and provide the 
necessary added data tQ permit solutiQn .of specific 
evaluatiQn problems. Work done in cOQperatiQn 
with the Bear Creek Mining CQ. and the College of 
Mines, University of Arizona. ' 
RI 6502. Bulk Density Studies on a CQmmercial 
Blend .of Western Coking CQals, by W. S. Landers, 
Manuel GQmez, and D. J. Donaven. 1964. 33 pp. 
8 figs. Gives data on a cQke-Qven plant blend that 
was studied to .obtain bulk density CQntrol data that 
would be directly transferable tQ plant practice. 
Samples were tested f.or effect on bulk density .of 
(1) surface moisture; (2) fine grinding; (3) addi-
tiQn .of oil at varying concentratiQns; (4) storage 
effects, .observed at selected intervals from 0 to 56 
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days. Work done in cooperation with the Kaiser 
Steel Corp., Columbia-Geneva Steel Division .of the 
United States Steel Corp., the Colorado Fuel and 
Iron Corp., and the Colo~ado School of Mines Re-
search Foundation, Inc. 
RI 6503. The Chromium-Gad.olinium System, by M. 
I. Copeland, C. E. Armantrout, and H. Kato. 1964. 
9 pp. 2 figs. Concludes that the chromium-gadolini-
um system has extensive liquid immiscibility and 
and one eutectic point. Gadolinium and chromium 
are the only phases in this system. Work done 
under an agreement with the U.S. Atomic Energy 
Commission. . 
RI 6504;. Solubility Characteristics of R-odillID Alu-
minate, by R. V. Lundquist and H. Leitch. 1964. 19 
pp. 6 figs. Deals with determination of some of 
the properties and characteristics of sodium alumi-
nate in relation to the lime-soda-sinter process and 
optimum alumina recovery. 
RI 6505. Limits of Flammability of Hydrazine-Hy-
drocarbon Vap-or Mixtures, by Aldo L. Furno, George 
H. MartindiU, and Michael G. Zabetakis. 1964. 7 
pp. 4 figs. Discusses an investigation to determine 
the minimum concentrations of benzene, toluene, m-
xylene, cumene, and n-heptane required to inhibit 
flame propagation through hydrazine-hydrocarbon 
vapor mixtures at 125° C and atmospheric pressure. 
These concentrations can be c-orrelated with either 
the heat of formation or the heat capacity of the 
hydrocarbon. More n-heptane was required to sup-
press the flammability of hydrazine vapor than was 
previously reported. Work done in c-ooperation with 
the Food Machinery and Chemical Corp., Princeton, 
N.J. 
RI 65'06. Electrorefining of Columbium, by R. E. 
Oumings .and F. R. Cattoir. J964. 12 pp. 6 figs. 
Evaluates electrorefining of columbium metal in a 
fused-salt electrolyte (Kf-NaF-K2CbFr ). Excellent 
results were obtained in lowering the impurity c-on-
tent in a 94-percent columbium anode feed material 
to produce a 99.8-percent-pure metal. . 
RI ·6507. Molten-Salt Electrorefining of Uranium, 
by F. R. Oattoir and T. A. Sullivan. 1964. 44 pp. 
19 figs. Describes electro refining of commercial 
uranium metal to a high-purity product by using 
molten-salt electrolytes in an inert-atmosphere cell. 
Tw.o molten-salt electrolytes were prepared and 
evaluated: (1) lithium chloride-potassium chloride-
uranium trichloride and (2) sodium chloride-potas-
sium chloride-uranium trichloride. Work done in 
cooperation with the Lawrence Radiation Labora-
tory, UniverSity of Oalif-ornia. 
RI 6508. Computer Methods of Fitting Surfaces to 
Assay and Other Data by Regression Analysis, by 
Richard F. Link, George S. Koch, Jr., and George 
W. Gladfelter. 1964. 69 pp. 18 figs. Explains a 
method of constructing generalized contour maps 
through a statistical method pr.ogramed for an elec-
tronic computer. One of several available methods 
is described and explained through examples. An 
equation is found for quadratic surface correspond-
ing to the elevations (w values) f-or the various 
points above the (J]-y datum plane. The coefficients 
of the equation may be used to construct a contour 
map representing a quadratic equation fitteo to the 
data points. A theoretical discussion is also pre-
sented reviewing the relative merits of fitting a 
quadratic surface and fitting higher .order surfaces. 
Work done in cooperation with the Oregon State 
University, the National SCience Foundation, and 
the American Philosophical SOCiety. 
RI 6509. Expendable Oasting Molds For Reactive 
Metals, by S. L. Ausmus and R. A. Beall. 1964. 44 
pp. 32 figs. Details the experimental work in the 
development of a completely water-free expendable 
graphite m.old material, useful for casting titanium, 
zirconium, and hafnium. The primary advantage of 
this material is its adaptability to standard foundry 
techniques. Work done under an agreement with 
the U.S. Atomic Energy Commission. 
RI 6510. Separation of the Lanthanide Series and 
yttrium USing Phosphonic and Iminediacetic Acid 
Resins, by J. O. Winget. 1964. 15 pp. 8 figs. De-
scribes an investigation of phosphonic acid and 
iminediacetic acid chelating resins to assess their 
potential as selective ion exchangers for separating 
lanthanide elements and yttrium. The .affinity of 
phosphonic acid resin for lanthanides increases with 
increasing atomic number, and affinity of iminedi-
acetic resin for lanthanides increases with atomic 
number to a maximum for element 62 and then de~ 
clines with atomic number throughout the remainder 
of the series. Elution s.~quences of the elements 
with mineral acid eluants c-orresponded favorably 
with equilibrium data, whereas the elution sequence 
obtained with chelating eluants was proportional to 
the relative values of the stability constants of the 
chelating agents with the lanthanides. Separation 
I!f lanthanide mixtures into .groups of light and 
heavy elements with iminediacetic acid resin ap-
pears feasible. 
RI 6511. Low-Temperature Heat Capacities and En-
tropies at 298.15° K -of Sulfides of ArseniC, German-
ium, and Nickel, by W. W. Weller and K. K. Kelley. 
1964. 7 pp. 1 fig. Gives the heat capacities of 
four crystalline sulfides-AsS, GeS, NiS, and 
NiaS:r-over the temperature range from 51° to 
298.15° K. The results were used to evaluate the 
entropies of the sulfides at 2D8.15° K. No previous 
similar experimental data e~'isted for any of these 
compounds. 
RI 6512. Eiectrolytic Extraction of Tungsten From 
Western Scheelite, by J. M. Gomes, J. B. Zadra, and 
Don H. Baker, Jr. 1964. 13 pp. 2 figs. Describes 
a meth-od by which tungsten comparable in purity 
to commercial hydrogen-reduced tungsten powder 
can be produced from scheelite in a relatively sim-
ple ternary electrolyte composed of sodium pyro-
phosphate, sodium chloride, and sodium tetrabc'Y:,te. 
Operating conditi-ons for electrolysis are tempera-
ture, 1,000° 0; minimum W03 concentration in the 
electrolyte, 2.5 percent; and initial cathode current 
density of about 110 amperes per square decimeter. 
Work done in cooperation with the Oalifornia State 
Division of Mines and Geology. 
RI 6513. Thermodynamic Pr.operties of Ouprous 
and Oupric Ferrites, by R. Barany, L. B. Pankratz, 
and W. W. Weller. 1964. 19 pp. 2 figs. Deter~ 
mines the heat capacity of cuprous ferrite over the 
temperature range from 50° to 298° K and evaluates 
the entropy at 298.15° K. The heat contents of 
cuprous ferrite and cupric ferrite above 298.15° K 
were measured to 1,500° and 1,100° K, respectively. 
These thermodynamic values were combined with 
other pertinent data to obtain heat and free energy 
of f-ormation values at hi?:h temperatures. 
RI 65.14. Sulfatization of Manganese Minerals and 
Gangue Materials, by F. E. Joyce, Jr., and Oharles 
Prasky. 1964. 11 pp. 5 figs. Describes' how 14 
manganese samples representing oxide, carbonate, 
and silicate minerals were tested to substantiate 
thermodynamic predictions and resnonded to sulfat-
ization but to varying degrees. The gangUe mate-
rials MgO, Mg003, OaO, and OaOOa were sulfatized 
readily in contrast to the ir-on oxides and the alumi-
na-containing material which were not. 
RI 6515. Effect of Uranium on the Isothermal 
Transformation and Hardenability of a Low-Alloy 
Steel, by K. A. Fowler and L. W. Higley, Jr. 1964. 
18 pp. 15, figs. Evaluates the effect. of uranillm on 
the transformation kinetics and hardenability of 
low-alloy steel. The addition of 0.15 weight-percent 
uranium produced a significant shift in the iso-
thermal transfo.rmatio.n curve and caused a related 
increase in hardenability. These effects diminished 
rapidly when the uranium co.ntent was increased 
abo.ve 0.2 weight-percent. Wo.rk do.ne under an 
agreement with the U.S. Ato.mic Energy Co.mmis-
sio.n. 
RI 6516. Explo.sibility o.f Metal Po.wders, by Murray 
Jaco.bso.n, Austin R. Co.o.per, and Jo.hn Nagy. 1964. 
.25 pp. 3 figs. Presents data o.n dust explo.sio.n 
hazards o.f 313 element!!l metals, allo.ys, catalysts, 
and o.res, co.mprising 54 separate types o.f material. 
Gives info.rmatio.n o.n ignitio.n temperature, spark 
energy fo.r ignitio.n, minimum explo.sio.n co.ncentra-
tio.n, explo.sio.n pressure, rate o.f pressure rise, and 
admixed inert dust o.n o.xygen co.ncentratio.n in at-
mo.sphere required to. prevent ignitio.n o.f dust dis-
perssio.ns. Discusses effects o.f particle diameter o.n 
explo.sibility and pyro.pho.ricity. Supersedes earlier 
repo.rts in which limited data o.n explo.sibility o.f 
metal po.wders were published. (See also. RI 5753, 
5971, and 6597.) 
RI 6517. Applicatio.n o.f Co.mputers to. Heat Flo.w 
and Co.st Analysis in Furnace Wall Design, by M. J. 
Lempel, D. Biensto.ck, and J. H. Field. 1964. 18 pp. 
, 8 figs. Presents a co.mputer pro.gram to. perfo.rm the 
calculatio.ns required fo.r determining the interface 
temperatures and steady-state heat flo.w thro.ugh a 
furnace wall co.mpo.sed o.f several refracto.ries in 
layers. A metho.d is develo.ped that will allo.w the 
designer to. determine the vario.us thiclmeRses fo.r 
each refracto.ry layer to. minimize either the to.tal 
wall thickness o.r the Co.st o.f the wall per unit o.f 
area. .' 
RI 6518. Heats o.f Fo.rmatio.n o.f Zirco.nium Carbide 
and Hafnium Carbide, by AlIa D. Mah. 1964. 8 pp. 
Gives the results o.f calo.rimetric measurements to.. 
o.btain the heats o.f fo.rmatio.n o.f zirco.nium carbide 
and hafnium carbide. The wo.rk was co.nducted as 
part o.f the Bureau's pro.gram fo.r determining the 
heats o.f fo.rmatio.n o.f o.xides, carbides, and nitrides 
by co.mbustio.n calo.rimetry. 
RI 6519. An Impro.ved Pro.cedure fo.r the Synthesis 
o.f Thio.lacetic Acid, by R. L. Ho.pkins and H. T. RaIl. 
1964. 6 pp. 1 fig. Describes a co.ntinuo.us metho.d 
fo.r preparing thio.lacetic acid by passing acetic 
anydride and hydro.gen sulfide co.ncurrently o.ver an 
amine io.n-exchange resin. The acid is flashed co.n-
tinuo.usly fro.m the crude reactio.n mixture and is 
purified by fractio.nal distillatio.n. Wo.rk done in 
co.o.peratio.n with the American Petro.leum Institute 
Research Pro.ject 48A. 
RI 6520. Formatio.n Damage Estimated Fro.m 
Water Sensitivity Tests, Patrick Draw Area, Wy-
o.ming. by Eliot J. White, Oren C. Bantist, and 
Carlo.n S. Land. 1964. 20 pp. 13 figs. Estimates, 
by labo.rato.ry metho.ds, the water sensitivity o.f oil-
gas-pro.ducing sandsto.nes in three fields in the 
Patrick Draw area. Tests used to. estimate sensi-
tivity, which is a measure o.f the lo.ss o.f well pro.-
ductivity if the pro.ducing fo.rmatio.n is invaded by 
fresh water, are po.ro.sity; permeability to. gas, 
water, and brines; saturatio.n characteristics with 
air displacing water fro.m the samples and by mer· 
cury injectio.n; and identificatio.n o.f clay minerals 
by X-ray diffractio.n. Results indicate that the de-
gree o.f water sensitivity o.f the sands in the area 
vary fro.m mo.derately sensitive to. highly sensitive. 
RI 6521. The Hafnium-Tantalum Equilibrium Dia-
gram, by Laurance L. Oden, D. K. Deardo.rff, M. I. 
Co.peland, and H. Kato.. 1964. 12 pp. 11 figs. De-
scribes a study o.f the equilibrium relatio.nship o.f 
hafnium anad tantalum co.nducted to. facilitate allo.y 
and pro.perty investigatio.ns. The hafnium-tantalum 
system co.ntains po.tentially valuable allo.ys and a 
tho.ro.ugh investigatio.n o.f pro.perties is necessary. 
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Wo.rk do.ne under an a'greement with the U.S. 
Ato.mic Energy Co.mmissio.n. -
RI 6522. Po.lyno.mial Surface Fitting Using Sam-
ple Data Fro.m an Undergro.und Co.pper Depo.sit, by 
Richard F. Hewlett. 1964. 27 pp. 3 figs. De-
scribes an attempt to. fit assay data fro.m an under-
gro.und co.pper depo.sit to. a three-dimensio.nal po.ly-
no.mial surface as a means o.f expressing assay 
po.ints in terms o.f their mine co.o.rdinates by a 
mathematical equatio.n. Altho.ugh the fit o.btained 
by this initial experiment is no.t co.nsidered accurate 
eno.ugh to. pro.vide go.o.d predictio.ns abo.ut the de· 
po.sit, the metho.do.lo.gy is presented in this prelimi-
nary repo.rt to. sho.w the po.tential usefulness o.f the 
technique in mineral-depo.sit evaluatio.n. Wo.rk do.ne 
in co.o.peratio.n with the Bear Creek Mining Co.. and 
the Co.llege o.f· Mines, University o.f Arizona. 
RI 6523. Experimental Pro.ductio.n and Smelting o.f 
Prereduced Iro.n Ore Pellets, by M. M. Fine, P. L. 
Wo.o.lf, and N. Bernstein. 1964. 28 pp., 8 figs. De-
scribes an experiment co.nducted to. demo.nstrate 
, the feasibility o.f simultaneo.us induratio.n and re-
ductio.n o.f magnetic taco.nite co.ncentrate. The re-
po.rt includes blast furnace tests and pelletizing pro-
cedures. Prereduced pellets are suitable fo.r blast 
furnace smelting, and extremely lo.w co.ke rates with 
large gains in pro.ductivity will result fro.m their 
use. 
RI 6524. Preparatio.n o.f Aluminum Fluo.ride Fro.m 
Alumina Hydrate and Dilute Fluo.ride So.lutio.ns, by 
Henry E. Blake and Ro.bert K. Ko.ch. 1964. 17 pp. 
Sho.WS that dilute HF and NJLF so.lutio.ns pro.duced 
as waste material o.r bypro.ducts o.f waste materials 
can be slurried with alumina hydrate to. fo.rm hy-
drated AIFa o.r (NH4 ) 3AIFo by careful evapo.ratio.n. 
These materials can then be co.nverted o.r upgraded 
to. co.mmercial-grade AIFa by thermal deco.mpositio.n 
o.r dehydratio.n by heating to. mo.derate temperatures 
in a stream o.f dry air. 
RI 6525. Optical Activity in Oils Derived fro.m 
Co.als, by Charles Zahn, Bernard D. Blaustein, Gus 
Pantages, and Irving Wender. 1964. 32 pp. 7 figs. 
Gives results o.f a study o.f o.ils fro.m co.al hydro.-
genatio.n to. determine whether o.ptical activity reo 
po.rted in co.al wo.uld survive catalytic hydro.genatio.n 
at 4500 to. 525 0 C and abo.ut 8,'000 psig pressure. 
Oils fro.m carbo.nizatio.n tars were also. 'examined. 
Optical activity was fo.und in the majo.rity o.f the 
distillate fractio.ns o.f the hydro.genatio.n o.ils and 
in almo.st all distillates fro.m the carbo.nizatio.n tars. 
No. activity was o.bserved in the tar-acid and tar-
base fractio.ns examined. 
RI 6526. Applicatio.n o.f Statistical Analysis in 
Evaluating Bedded Depo.sits o.f Variable Thickness 
-Flo.rida Pho.sphate Data, by R. D. Berkenko.tter. 
1964. 38 pp. 26 figs. Describes a weighted metho.d 
fo.r evaluating the mean and variance o.f assay data 
fro.m samples o.f different lengths. The metho.d, 
which pro.duces unbiased estimates fro.m which 
valid co.nfidence limits can be co.mputed, is appro.pri-
ate fo.r bedded depo.sits o.f variable bed thickness and 
fo.r vein depo.sits o.f variable vein width. Assay 
data fro.m the bedded Flo.rida' pho.sphate deposit is 
used to. illustrate the pro.cedure. 
RI 6527. A Process fo.r the Preparatio.n o.f Tho.rium 
. by So.dium Reduction o.f Tho.rium Tetrachlo.ride, by 
H. O. Po.ppleto.n and F. E. Blo.ck. 1964. 20 pp. 19 
figs. Demo.nstrates that high-purity tho.rium metal 
in amo.unts up to. 20 kilo.grams can be prepared 
by the so.dium reductio.n o.f tho.rium tetrachlo.ride. 
Tho.rium spo.nge fro.m the reductio.n tests was co.n-
so.lidated by co.nsumable electro.de arc melting. 
Metal prepared by this metho.d co.uld be fabricated 
into. bar, ro.d, o.r sheet at ro.o.m temperature. 
RI 6528. Aluminum Extractio.n Characteristics o.f 
'Three Calcium Aluminates in Water, So.dium Hy-
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droxide, and Sodium Carbonate Solutions, by R. V. 
Lundquist and H. Leitch. 1964. 16 pp. 1 fig. De-
scribes the solubility characteristics of 12CaO·7AhOa, 
3CaO·AlzOa, and 4CaO·Ah03·Fe203 in water and in 
solutions of NaOH and Na20a to more clearly define 
their roles in relation to the recovery of aluminum 
by the lime-sinter and the lime-soda-sinter processes. 
The rates and extent of aluminum extractions were 
determined. 
Rl 6529. Recovery of Tin From Hardhead by Fil-
tration, by J. A. Ruppert and P. M. Sullivan. 1964. 
13 pp. 5 figs. Presents filtration techniques for re-
covering the major part of tin contained in hard-
head. Special small-scale filtering apparatus and a 
three-stage cyclic process were developed. Eighty-
seven percent of the tin c.ontained in an alloy of 82 
percent tin and 17 percent iron was recovered as 
pure metal. 
Rl 6530. Cost Estimates of Processes for Separat-
ing Mixtures of Methane and Hydrogen, by J. W. 
Mulvihill, W. P. Haynes, S. Katell, and G. B. Tay-
lor. 1964. 43 pp. 12 figs. Capital and operating 
costs have been estimated for separating methane 
and hydrogen in gas-separating plants designed to 
produce 90 million scf per day of pr.oduct gas con-
taining a minimum of 90 percent methane. Three 
different processes-moving-bed adsorption using 
active carbon, oil absorption, and liquefaction-were 
chosen for the cost estimates. , 
RI 6531. Specific-Gravity to Oil-Yield Relationships 
f.or Black Shales of Kentucky's New Albany For-
mation, by John Ward Smith and Neil B. Young. 
1964. 13 pp. 2 figs. Presents specific-gravity to 
oil-yield relationships for the black shales of the 
New Albany Formation. Shows that certain linear 
equations for estimating oil yield from measured 
specific gravity and for estimating specific gravity 
from measured oil yield are applicable within small 
error limits to all the sites tested. Work done in 
cooperation with the University of Wyoming. 
Rl 6532. Flotation Treatment of Experimental Iron 
Ore Tailing From Champion Mine, Marquette 
Range, Michigan, by R. T. Sorensen, A. F. Oolombo, 
and D. W. Frommer. 1964. 13 pp. 2 figs. De-
scribes a flotation meth.od for concentrating spiral 
tailing, using a reagent suite composed of taU oil-
fatty acid, fuel oil, sulfuric acid, sodium fluoride, 
and sodium silicate. Work done in cooperation with 
North Range Mining Co. 
Rl 6533. Modulus .of Elasticity of a Rock Deter-
mined by Four Different Methods, by Francis X. 
Cannaday. 1964. 59 pp. 47 figs. Determines the 
modulus of elasticity of a rock by four different 
laboratory methods: (1) Deformation of a borehole 
in a prism subjected to uniaxial stress, (2) deflec-
tion .of a thin beam of uniform cross section uni-
formly loaded, (3) sonic-pulse velocity measure-
ments, and (4) strain measurements on a prism 
under uniaxial stress. Moduli obtained by each of 
the four methods check one another within the 
limits of experimental error. 
RI 6534. .Feasibility of Inert-Gas Cushions in Gas 
Storages, by C. J. Walker and Ray V. Huff. 1964. 25 
pp. 4 figs. Indicates that molecular diffusion is not 
of concern under usual conditions of gas-well spacing 
and pressures; displacement efficiency is of a critical 
nature, and the tilting of the vertical "interface" be-
tween the cushion and working gases brought about 
by gravitational stratification in essentially hori-
zontal formations is also critical. Close analysis .of 
field and operating conditions would be required to 
determine' the feasibility of using an inert cushion 
gas. The operation would appear to be tedious and 
expensive; furthermore, the rate -of mixing in the 
average reservoir is ominous. Work done in co-
peration with the American Gas Association. 
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Rl 6535. Characteristics of Products Obtained by 
by Oxidation of Anthracite With Concentrated 
Nitric Acid, by M. H. Kersten, Jerry W. Ramsey, 
and G. A. Bray. 1964. 11 pp. Gives data on an-
thracite samples oxidized with nitric acid to pre-
pare pr.oducts representing different stages of oxida-
tion. Mellitic acid was identified in the aCid-s·oluble 
products from 10 tests. Benzene pentacarboxylic 
acid was found in some products, but other carboxy-
lic acids were not present in amounts detectable by 
methods used in this study. The acid-insoluble resi-
due varied significantly in solubility behavior -to-
ward different classes of s.olvents. Organic mate-
rial separated from the residue by peptization with 
dimethylformamide contained 1 percent ash, con-
Sisting of more than 50 percent zirconium. 
Rl 6536. Effect of Impurity Levels on Zircaloy 2 
Microstructure, Mechanical Properties, and Corro-
sion Rates, by H. Kato, D. J. St.oOPS, and M. D. 
Carver. 1964. 20 pp. 7 figs. Investigates the 
effects of the impurity elements silicon, aluminum, 
copper, nitrogen, and manganese on the microstruc-
ture, mechanical properties, and corrosion behavior 
of the zirconium alloy Zircaloy 2. 
RI 6537. Development of a Rock Stress Monitoring 
Station Based on the Flat Slot Method of Measur-
ing Existing Rock Stress, by Louis A. Panek and 
John A. Stock. 1964. 61 pp. 28 figs. Describes in 
detail apparatus, procedures, and performance data 
for the installation and operation of a permanent 
rock stress m.onitoring station for observing mining-
induced stress changes. Fla t slot method yields 
indicated ground stress values that have acceptable 
accuracy and dispersion if the sensor is loea ted 
within a specified zone close to the pressure trans-
mitter in the fiat slot. 
RI6538. Washability Studies and Cleaning Trials 
on Coals From Pierce County, -Wash., by M. R. 
Geer. 1964. '1..7 pp. Describes washability char-
acteristics of three coals from the Wilkes.on Nos. 2, 
3, and 7 beds in the Wilkeson-Carbonado district. 
Because the coals were unusually difficult to clean, 
washability examinations were supplemented by 
table tests, tests in dense-medium cleaning units, 
and flotation tests. Dense-medium treatment pro-
vided coal of the desired quality, but with the most 
difficult coal the recovery efficiency was lower than 
usual. W.ork done in cooperation with the School 
of Mineral Engineering, University of Washington~ 
and the Pacific Coast Co. 
RI 6539. Rolled Molybdenum Single Crystals. De-
formation Textures, Recrystallization, and Tran-
sition Temperature, by R. Blickensderfer, R. Sie-
mens, G. Asai, and H. Kato. 1964. 34 pp. 26 ills. 
Gives data on some relationships established among 
crystallographic orientation, rollabil.ity, def.orma-
tion texture, annealing behavior, slip planes, and 
ductile-brittle bend transition temperature of molyb-
denum single crystals, using six large molybdenum. 
single crystals obtained from an ingot melted by 
electron beam. The specimens were oriented by x-
ray diffraction and rolled on crystallographic planes 
of low indices in a known direction. Work done in 
cooperation with the Wah Chang Corp. 
RI 6540! Safe Use of Respiratory' Protective Equip-
ment in Work in Compressed Air: Detection and 
PhYSiological Effects of G.ases Encountered, by L. 
B. Berger, T. F. Curry, H. A. Watson, and S. J. 
Pearce. 1964. 40 pp. 8 figs. Discusses some of 
the problems inv.olved and presents information on 
the following subjects: (1) Physiological effects of 
gases at elevated pressure; (2) use of respiratory 
protective equipment in rescue or recovery operation 
in event of fire or other emergency in pressurized 
tunnels; (3) effect of eleva ted pressure on per-
f.ormance of some gas-detecting instruments ancK 
interpretation of the results. 
RI 6541. Investigation of In Situ Rock Stresses, 
Ruth Mining District, Nevada, With Emphasis on 
Slope Design Problems in Open-Pit Mines, by David 
W. Wisecarver, Robert H. Merrill, Donald O. 
Rausch, and S. Jackson Hubbard. 1964. 21 pp. 17 
figs. Reports results for stress-relief borehole-de-
formation measurements made in three underground 
openings near open-pit mines in the Ruth mining 
district. A total of 134 deformation measurements 
made in 8 boreholes determined the regional stresses 
in the horizons above, below, and at the elevation 
of nearby open-pit mine floors. Knowledge of these 
stress conditions is considered essential information 
relative to certain aspects in the designing of 
stable pit slopes. Work done in cooperation with 
the Kennecott Copper Corp., Western Mining Divi-
sion, Engineering Department, Salt Lake City, 
Utah. 
RI 6542. Hydrocarbon-Type Relationships of East-
ern and Western Hemisphere High-Sulfur Crude 
Oils, by Harold M.Smith. 1964. 89 pp. 28 figs. 
Presents a comparison of high-sulfur crude oils based 
on interpretations of Bureau of Mines routine 
crude-oil analyses in terms of common commercial 
products. These analytical interpretations are 
applied to a group of high-sulfur crude oils from the 
Near East, Texas, Venezuela, Colombia, California,. 
and other locations, and the resultant data for gaso-
line, gas oils, lubricating oils, and asphalt are com-
pared. ' Because the Near East crude oils contain 
higher quantities of paraffins in the gasoline and 
gas-oil ranges, they will yield good low-solvency 
solvents and kerosine, jet fuels, and diesel fuels, but 
the straight-run gasoline will be inferior to similar 
products from Texas and Venezuelan high-sulfur 
oils. The Near East oils should be good sources of 
lubricating stock, but when used as stock for cata-
lytic cracking or reforming, they are deficient in 
naphthenes. 
RI 6543. Preventing Ignition of Dust Dispersions 
by John Nagy, Henry G. Dorsett, Jr., and Murray 
Jacobson. 1964. 29 pp. 17 figs. 'Shows that igni-
tion of a dispersed comqustible dust in an open 
vessel may be prevented by adequate inerting. Fac-
tors affecting the inerting requirements are dust 
concentration, spark energy, ignition temperature, 
composition of inerting substances, fineness of dust, 
and type of combustible. Oxygen concentration of 
atmosphere and in some instances the proportion of 
admixed inert powder and moisture required to pre-
vent ignition are given for 367 dust samples. Varia-
tions in inerting requirements with strength of ig-
niting source are discussed. 
RI 6544. A Device for Placing a Borehole Deforma-
tion Gage in a Horizontal Hole, by David W. Wise-
carver. 1964. 13 pp. 10 figs. Describes a tool to 
engage or place a Bureau of Mines type gage to 
measure borehole deformation in a horizontal, 13h-
inch-diameter stress-relief borehole. The tool was 
successfully used at a borehole depth of 105 feet. 
Practical usage up to borehole depths of 200 feet 
might be realized. Tool was designed to work in-
side EX-size (l3h-inch ID) diamond-drill drive 
casings used as drill rod and through which the 
deformation gage is guided into an EX-size stress-
relief borehole. ' 
RI 6545. An Apparatus for Determining the Helium 
Content of Gas Mixtures, by E. M. Frost, C. G. 
Kirkland, and D. E. Emerson. 1964. 18 pp. 7 figs. 
Describes an apparatus developed by the Bureau 
for determining the helium content of gases con-
taining 40 percent or more helium. It uses ac-
tivated cocoanut charcoal at liquid nitrogen tem-
peratures to absorb constituents other than helium 
in the mixture. Series of analyses have been run 
where the mean deviation was less than 0.05 percent 
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helium. Twenty or more analyses can be made in 
an 8-hour day. 
RI 6546. Theory ,and Application of Dimensional and 
Inspectional Analysis to Model Study of Fluid Dis-
placements in Petroleum Reservoirs, by A. G. 
Loomis and D. C. Crowell. 1964. 37 pp. Develops 
both dimensional and inspectional analysis from 
fundamental concepts and derives dimensionless 
groups which represent the viscous, capillary, and 
gravitational forces existing in two-phase incom-
pressible flow in petroleum reservoirs. Shows how 
properly scaled laboratory models may be devised by 
means of the foregoing groups that faithfully dupli-
cate the behavior of the reservoir on a miniature 
dimensional and compressed time scale. Report is 
intended as a review and summary of the applica-
tion of dimensional analysis to reservoir displace-
ment problems. 
RI 6547. Recrystallization of Vanadium by E. A. 
Loria, W. D. Ludemann, and E. S. Rowe. 1964. '38 
pp. 24 figs. Gives results of a study of the iso-
thermal recrystallization of electro refined vanadium' 
as a function of annealing time, temperature, and 
prior deformation. Specimens were cold rolled from 
3'0- to 75-percent reduction' in thickness, then an-
nealed from 700 0 to 1,2000 C at time periods rang-
ing from 1 minute to 96 hours. The course of re-
crystallization was followed by means of hardness. 
metallographic, and X-ray techniques, and a recrys-
tallization diagram was constructed. 
RI 6548. Vapor-Phase Hydrogenation of Oils De-
rived From Coal and Oil Shale, by C. O. Hawk, M. 
D. Schlesinger, H. H. Ginsberg, and R. W. Hiteshue. 
1964. 53 pp. 13 figs. Gives results of Bureau of 
Mines studies of single-step catalytic vapor-phase 
hydrogenation of oils derived from coal and oil 
shale. The oi~s used were middle oil from hydro-
genation of bituminous coal, crude shale oil, and 
coker distillate from shale oil. High nitrogen and 
sulfur in all three of these raw materials severely 
poison the usual refining catalysts. Thus, the com-
mon objective in these studies was application of 
poison-resistant catalysts to the problem of reducing 
nitrogen and sulfur to tolerable levels. Cobalt 
molybdate was a particularly effective catalyst for 
sulfur removal. 
RI 6549. Metallic Binders for Zirconium Diboride: 
Chromium, Molybdenum, and Tungsten, by M. E. 
Tyrrell and C. W. Houck. 1964. 14 pp. 7 figs. To 
evaluate their usefulness as binders for zirconium 
diboride, mixtures of zirconium diboride and chro-
mium, molybdenum, and tungsten were resistance 
sintered to high-density compacts using modified 
electric welding equipment. Each of the zirconium 
diboride-metal mixtures produced brittle cermets 
having poor oxidation resistance, but the hard-
ness was generally high. Chromium yielded the 
highest compressive strength, the Igreatest re-
sistance to mechanical shocks and oxidation, and 
a satisfactory Rockwell hardness. Molybdenum did 
not yield a satisfactory cermet. Tungsten yielded 
compacts having high microhardness but very low 
mechanical strength. The first report in this series, 
RI 6262, evaluated iron, cobalt, and nickel as bind-
ers,. ' ' '. 
RI 6550. Statistical Interpretation of Sample Assay 
Data From the Mi Vida Uranium Mine, Big Indian 
District, San Juan County, Utah, by George S. 
Koch, Jr., Richard F. Link, and Scott W. Hazen, Jr. 
1964. 40 pp. 17 figs. Presents a statistical analYSis 
of assays of samples taken from the ore body of 
the Mi Vida uranium mine that affords an estimate 
of the grade of the ore body and provides a predic-
tion about the direction of best mineralization be-
yond the sampled area. Basic data analyzed are 
assay results for UaOa, V20G, and CaO from 225 chan-
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nel samples cut at 79 sample points. The statistical 
methods empioyed illustrate certain techniques that 
may be used to analyze assay data from ore deposits 
in general. 
RI 6551. Some Fundamental Aspects of Dust 
Flames, by Hans M. Cassel. 1964. 51 pp. 20 figs. 
Gives the results of research on the physiochemical 
fundameri.tals of the mechanism of dust explosions. 
Describes the equipment, techniques (chiefly photo-
graphic), and dusts (chiefly graphite and light 
metals.) Results are interpreted using thermal 
theory as accepted for combustible gas mixtures. 
Radiative transfer across the flame front, as a char-
acteristic of dust flames, is givef.!, particular atten-
tion. Related studies by other investigators are 
discussed. ' 
RI 6552. Some Generalized Probability Distribution 
With Special Reference to the Mineral Industries 
(in Five Parts). 2. 'Sampling to A. Amount of 
of Items per Sample, by Robert M. Becker. 1964. 
101 pp. 2 figs. Presents the mathematical develop-
ment in extending the theory of sample reliability 
from a sample consisting of a fixed number of items 
to a fixed amount of items. Examples of a fixed 
amount of items per sample are samples consisting 
of a fixed weight or a fixed volume of unequa-l size 
particles. The probability distribution functions are 
developed from 'fundamentals. Their distributions 
are generalized to include some measured character-
istic of the items. 'Infinite population moments are 
derived fFom moment-generating functions, while 
finite population moments are developed from cor-
responding infinite population moments using the 
finit~ probability operator defined in part 1 of this 
series, RI 6329, Samping to n Items per Sample. 
RI 6553. Some Effects of yttrium and Rare-Earth-
Metals Additions on Electrorefined Vanadium, by W. 
L. O'Brien and E. A. Rowe. ,1964. 23 pp. 15 figs. 
Describes the effect on electrorefined vanadium of 
additions up to 5 weight-percent of yttrium, cerium, 
lathanum, praseodymium, neodymium, and samari-
um. Vanadium and the alloying element were 
melted to ingots in a nonconsumable electrode arc 
in a helium atmosphere. The ingots were rolled 
into strips and evaluated for the effect of the alloy-
ing elements on hardness, tensile strength, ductility, 
recrystallization temper.ature, and microstructure. 
Except for samarium, the addition of rare-earth 
metals and yttrium produced an improvement in 
workability, a decrease in hardness and strength, 
and' a lower recrystallization temperature. 
RI 6554. Recovery of Lead and Sulfur by Combined 
Chlorination' and Electrolysis of Galena, by A. G. 
Starliper and H. Kenworthy. 1964. 29 pp. 3 figs. 
Describes a procedure for sep.arating lead and sul-
fur in industrial concentrates of galena by using a 
combination of chlorination and fused-salt electro-
lysis. An apparatus was designed ,and constructed 
to chlorinate galena and to volatilize simultaneously 
most of the chloridized impurities. By electrolyzing 
the chlorinated concentrate, a high percenta'ge of 
lead was recovered. Anodic chlorine was drawn 
from the cell and used to chlorinate new feed. In 
many runs, the recovered metal analyzed from 99.8' 
to 99.9 percent lead. 
RI 6555. High-Temperature Heat Contents and En-
tropies of Akermanite, Cordierite, Gehlenite, and 
Merwinite, by L. B. Pankratz and K. K. Kelley. 
1964. 7 pp. Gives the heat contents of four sili-
ca te minerals-akermanite (Ca2MgSi20 7 ), cordierite 
(Mg2A14SisOls), gehlenite (Ca2Al2Si07 ), and merwf· 
nite (Ca3MgSi20s)-that were measured from 2980 
to around 1,7000 K. Results were compiled .into 
tabular and equation forms suitable for thermody-
namic calculations. No previous high-temperature 
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heat content data exist for akermanite, cordierite, 
and merwinite. 
RI 6556. Low-Temperature Heat Capacities and 
Entropies at 298.15 0 K of Crystalline Silicates of 
Barium and Strontium, by W. W. Weller and K. K. 
Kelley. 1964. 8 pp. Gives the heat capacity meas-
urements of four crystalline siliGates of barium 
(BaSiOa, Ba2SiaOs, and BaSi20 G) and two crystalline 
silicates of strontium (SrSiOa and Sr2Si04) that 
were measured over the temperature range from 510 
to 298 0 K. The results were used to evaluate the 
entropies at 298.15° K. The entropy values were 
joined with known heats of formation to obtain the 
free energies of formation of the silicates with 
respect to their constituent oxides at 298.15° K. 
RI 6557. The Effectiveness of Sodium Tripolyphos-
phate for Improving Injection Rates of Waterfloods, 
by R. T. Johansen and R. J. Heemstra. 1964. 15 
pp. Discusses the use of sodium tripolyphosphate 
(STP) in treating injection waters to eliminate or 
reduce the formation of insoluble precipitates. 
Gives results of field tests showing the almost im~ 
mediate effects of using STP. Methods of treat-
ment, solubility of STP in fresh water and brines, 
and precautiolls to observe when starting to treat 
a waterflood with this chemical are given. Labora-
tory data show that the preferential wettability of 
a crude oil for reservoir rock can be reversed by 
adding a small amount of'STP to the flooding water. 
This reversal in wetting tendency should not only 
decrease the injection pressures but also increase 
oil recovery by improving the sweep efficiency of a 
waterflood. Work done in cooperation with the 
Layton Oil Co., Independence, Kans. 
RI 6558. Development of Columbium and Tanta-
lum Alloys For Elevated-Temperature Service, by 
H. R. Babitzke, R. E. Siemens, G. Asai, and H. 
Kato. 1964. 33 pp. 18 figs. Describes an investi-
gation of 69 columbium' and tantalum alloys to de-
termine their suitability for use at elevated tem-
peratures. Columbium was alloyed with two or 
more of the following: hafnium, tungsten, vana-
dium, titanium, and zirconium. Tantalum was al-
loyed with vanadium or hafnium 01' hafnium and 
carbon. Of the alloys studied, Cb-15Hf-5W, Cb-
15Hf-5W-10Ti, Cb-15Hf-l0W-l0Ti, Cb-l0V-5W, Ta-
30V, and Ta-20 to 33Hf were easy to fabricate, had 
good oxidation resistance, and excellent high-
temperature strength. 
RI 6559. Effects of Retort-Immersion Depth on 
Gieseler Plasticity Determination on Western Coals, 
by R. R. Allen. 1964. 26 pp. 8 figs. Gives re-
sults of Gieseler plastometer tests performed on 
eight western coking coals at retort-immersion 
depths ranging from 214 to 3 %, inches. Increased 
maximum fluidities were associated with greater 
retort-immersion depths, the most pronounced in-
creases being observed on highly swelling coals 
when tested at 3%' inches. Retort-immersion depth 
had no significant effect on the temperatures of 
initial softening, fusion, maximum fluidity, end of 
fusion, and solidification. 
RI 6560. Electron-Beam Purfication of Hafnium, 
by W. E. Anable and R. A. Beall. 1964. 30 pp. 
Gives results of a detailed examination of the 
purification of hafnium by electron-beam melting 
at moderate energy inputs and at low pressures. 
Most metallic impurities and hydrogen were re-
moved in the first few minutes of operation; oxy-
gen, carbon, and nitrogen were removed at a slower 
rate. Samples treated by electron bombardment 
suffered a small loss of weight and a gradual low-
ering of hardness. The magnitude of each change 
varied with the energy input and the duration of 
the melt. AnalYSis of the data confirms the loss 
of oxygen as hafnium monoxide. Approximate 
activity coefficients for other contaminants are 
given. Work done under an agreement with the 
U.S. Atomic Energy Commission. 
RI 6561. Pressure Development in Laboratory Dust 
Explosions, by John Nagy, Austin R. Cooper, and 
Joseph M. Stupar. 1964. 19 pp. 25 figs. Presents 
information on the pressure and rate of pressure 
development during a dust explosion. Data were 
obtained in laboratory studies in' a 75-cubic-inch 
vessel with mineral, agricultural, and chemical 
dusts. Factors investigated include dust concen-
tration, oxygen concentration of the atmosphere, 
admixed inert powder, and admixed moisture. In-
formation is given also on the effects of these fac-
tors on the composition of the atmosphere after 
the explosion. 
RI 6562. A Proposed Modified Percolation-Rate 
Test for Use in Physical Property Testing of Mine 
Backfill, by William R. Wayment and David E. 
Nicholson. 1964. 24 pp. 11 figs. Describes 
equipment requirements and detailed procedure for 
a modified percolation-rate test for use in deter-
mining flow rates through hydraulic backfill. In 
contrast to the conventional test, a percolation-rate 
versus void-ratio relationship is established. The 
modified test method yields more accurate, realistic, 
and usable percolation-rate (permeability) data 
than the conventional test method. 
RI 6563. Production of Coronene From Coal, by 
R. W. Fridy, W. Kawa, and R. W. Hiteshue. 1964. 
18 pp. 6 figs. Investigates the maximum yield of 
coronene that could be obtained by hydrogenating 
coal or materials derived from coal. With anthra-
cite, yields of coronene of 0.5 to 0.8 weight-percent 
of maf coal were obtained at 6,000 to 8,000 psi, 
700 0 to 750° C, and residence time of 30 minutes. 
With bituminous coal, yields averaging 0.4 weight-
percent of maf coal were obtained at 6,000 psi, 8000 
C, and 30 minutes residence time. With asphaltene 
and centrifugal reSidue, yields of less than 0.02 
weight-percent of maf coal were obtained at 6,000 
psi, 700 0 C, and 60 minutes residence time. Work 
done under an agreement with the U.S. Atomic 
Energy Commission, through their representative, 
Sandia Corporation, Livermore, Calif. 
RI 6564. Iron Ore Pellet Binders From Lignite 
Deposits, by M. M. Fine and W. C. Wahl. 1964. 
18' pp. 7 figs. Investigates leonardite as a binder 
for iron ore pellets. Although insoluble in origi-
nal condition, leonardite forms water-soluble salts 
with good binding properties when treated with 
certain' alkalis, such as sodium hydroxide. Soluble 
leonardite imparts excellent dry strength to pellets, 
but green strength is somewhat lower than that 
obtainable with bentonite. Green strength can be 
improved by adding a small amount of calcium 
hydroxide to the leonardite-concentrate' mixture. 
RI 6565. Evaluation of a Combined Ion Exchange 
X-Ray Spectrographic Exchange X-Ray Spectro-
g-raphic Method for Determining Trace Metals in 
Tungsten, by m. F. Spano, T. m. Green, and W. J. 
Campbell. 1964. 16 pp. 1 fig. Evaluates a com-
bined ion-exchange X-ray spectrographic method 
for the determination of 11 trace metallic impuri-
ties in high-purity tungsten. Copper; nickel, and 
manganese in the 5- to 100-microgram range (1 to 
20 ppm based on 5-gram samples of tungsten), 
calcium in the 10- to 100-microgram range, and 
cobalt in the 5- to 20-microgram range can be 
determined within an accuracy of ± 10 percent 
of the amount present. The overall method was 
unsatisfactory for the determination of aluminum, 
chromium, iron, magnesium, titanium, and zinc in 
tungsten. 
RI 6566. Nickel-Gadolinium Phase Diagram, by 
M. I. Copeland, M. Krug, C. E. ArmantJ.·out, and 
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H. Kato. 1964. 24 pp. 11 figs. Investigates the 
nickel-gadolinium phase diagram to determine the 
alloying behavior of these two metals. The data 
from melting-point determinations, thermal analy-
ses, metallographic examinations, and X-ray dif-
fraction analyses revealed a phase diagram with 
three eutectic points and seven intermetallic com-
pounds. Very limited solubility of the phases in 
each other was observed. . 
RI 6567. Reactions Between Manganous Oxide, 
Graphite, and Manganese Carbide, by E. L. Single-
ton, A. E. Morris, and R. V. Lundquist. 1964. 22 
pp., 10 figs. Describes experimental research per-
formed to determine rate-of-reaction constants on 
the MnO-C aand Mn7C3-3MnO systemS' at 1,100°, 
1,150 0 , and 1,185° C. The system MnO-C followed a 
linear reaction rate, and experimental results pro-
duced an apparent activation energy of 55.8 kcal/ 
mole of MnO. The system Mn7C3-RMnO followed 
a parabolic rate of reaction law and yielded an 
apparent activation energy of 114.4 kcal/mole for 
the reaction. 
RI 6568. Studies of the Thickness of the Plastic 
Layer of Coals. Its Determination and Signifi-
cance, by M. J. Kovalik, D. E. Wolfson, and F. 
Fischler. 1964. 20 pp. 12 figs. Plastometric 
tests were made to determine the maximum thick-
ness of the plastic layer for different U.S. coals. 
The effect of test variables on the maximum thick-
ness . of the plastic layer was studied. The values 
for the maximum thickness of the plastic layer 
were found to be related to the Gieseler maximum 
fluidity, plastic temperature range, free-swelling 
index, and other plastic properties of coals. Only 
a general relationship was observed between the 
plastometric parameters obtained in these tests and 
the coking properties of coal. 
RI 6569. Beneficiation and Hydrometallurgical 
Treatment of Complex Mercury Sulfide Products, 
by J. W. Town and W. A. Stickney. 1964. 35 pp. 
5 figs. Gives results of batch and continuous-
circuit flotation, leaching, precipitation, and electro-
deposition studies made by the Bureau of Mines to 
determine optimum conditions for treatment of 
complex mercury-antimony sulfide and mercury-
arsenic sulfide ores and concentrates. Methods for 
recovering mercury and antimony from solution 
were electrodeposition of mercury followed by 
electrodeposition of antimony, aluminum precipita-
tion of both mercury and antimony, or antimony 
precipitation of mercury followed by antimony 
electrodeposition. The method used in recovering 
the mercury depended on the mercury-antimony 
content of the solution being treated. When recov-
ering the mercury and arsenic from solution, either 
aluminum precipitation of both metals was used, 
or the mercury was electrodeposited and the ar-
senic preciptated with aluminum. 
RI 6570. Electrorefining Beryllium. Two-Cycle 
Electrolysis, by M. M. Wong and D. A. O'Keefe. 
1964. 8 pp. 3 figs. Describes a two-cycle electro-
l:vtic process designed to obtain beryllium metal of 
higher purity. Flakes produced from electrorefining 
scrap metal were used as cell feed for a second 
cycle of eledrorefining at 500 0 C in an electrolyte 
compm:;ed of 51.7 mole-percent LiOl, 36.9 mole-per-
cent KOl, and 11.4 percent BeCI2. Metallic impuri-
ties in the flakes used as feed totaled more than 
108 ppm, and the metallic impurities in the metal 
obtained from the second cycle of the electrorefin-
ing" were, with the exception of 35 ppm of cfllcium, 
below the spectrographic determination limits. 
RI 6571. Development of a Hydraulic Device for 
Measuring Relative Pressure Changes in Coal During 
Mining: A Progress Report, by Thomas C. Miller 
and Rudolph Sporcic. 1964. 13 pp. 7 figs. Describes 
Reports of Investigations 
the construction and field testing of a relatively 
simple and inexpensive encapsulated hydraulic de-
vice developed by the Bureau of Mines to facilitate 
study of coal bumps and to measure pressure 
changes in a coalbed as it is subjected to roof load-
ing during Iillning. Preliminary feasibility tests 
in the laboratory and field indicate that the device 
responds satisfactorily to pressure changes in coal 
created by roof loading. 
RI 6572. Investigation of Beryllium Deposits in the 
Northern Virgin Mountains of Clark County, Nev., 
and Mohave County, Ariz., by George H. Holmes, 
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Jr. 1964. 30 pp. 11 figs. Gives results of an 
investigation of beryllium deposits in the northern 
Virgin Mountains, about 70 miles east of Las Vegas. 
The investigation indicated a widespread occurrence 
of beryllium-bearing pegmatites within an extensive 
belt of mica schist. Several deposits with signifi-
cant beryllium mineral concentrations were encoun-
tered. In ore-dressing tests on a composite sample 
containing 0.28 percent BeO, 85 percent of the 
chrysoberyl mineral (70-percent recovery of total 
BeO) was recovered in a concentrate containing 
17.6 percent BeO. 
INFORMATION CIRCULARS 19 
10 7923. Fusibility of Ash of United States Ooals, 
by Roy F. Abernethy and Elsie M. Cochrane. 1960. 
363 pp. Includes all information on fusibility of 
coal-ash determinations of coal tested from 1921 to 
1957. These data are mainly from tipple samples, 
while B 209 of the same title, issued in 1922, con-
tained information almost exclusively on mine 
samples. $1.75. 
10 7928. Bibliography of Hafnium, by Eleanor Ab-
shire and Sarah Notestine. 1960. 30 pp. Includes. 
670 references on hafnium, a vital component in 
atomic power reactors, and its compounds. In-
cludes articles in scientific and technical journals, 
books, and patents. 25 cents. 
10 7936. Tungsten Mining and Milling in Boulder 
Oounty, 0010., by Carl Belser. 1960. 54 pp. 18 
figs. Describes mining and milling practices and 
the tungsten mines operating in Boillder Oounty. 
Supplements 10 7721, A Study of the Tungsten 
Potential in Boulder Oounty, 0010., issued in 1955. 
40 cents. 
10 7938. Open-Pit Oopper Mining Methods at New 
Oornelia Branch, Phelps Dodge Oorp., Pima County, 
Ariz., by W. R. Hardwick. 1960. 83 pp. 68 figs. 
Describes mining methods and practices at the New 
Cornelia open-pit copper mine and geology of the 
ore deposit, and outlines methods of sampling and 
ore estimation. 50 cents. 
tIC 7939. Cost of Tonnage Oxygen, by Sidney Ka-
tell and John H. Faber. 1960. 6 pp. 6 figs. Esti-
mates capital requirements and operating expenses 
for a theoretical plant, located in the Ohio Valley 
and producing from 150 to 1,000 tons of high-purity 
oxygen per day, using low-pressure or split-cycle 
process. Pressure specifications are 450 psig dis-
charge and power cost§) $0.0075 per kilowatt-hour. 
IC 7944. Exploratory Drilling Practices and Costs 
at Western Uranium Deposits, by D. E. Redmon. 
1960. 68 pp. 30 figs. Presents results of studies 
of several drilling methods being used in the search 
for uranium deposits in sedimentary formations 
from surface drill sites. 45 cents. 
10 7945. Mining Methods and Costs, Black Rock 
Tungsten Mine, Wah Chang Mining Corp., Mono 
County, Calif., by A. C. Johnson and N. M. Fillip. 
1960. 19 pp. 6 figs. Describes a well-planned pro-
gram of exploration, development, and exploitation 
that resulted in a good production record at low 
cost until mine shut down after suspension of Gov-
ernment tungsten-purchase program. 45 cents. 
tIC 7946. Field Test for Beryllium, by W. M. Dressel 
and R. A. Ritchey. 1960. 5 pp. 1 fig. A reliable 
method that can be used by any prospector to detect 
beryllium in concentrations as low as 0.013 percent. 
Test was developed by Bureau to spur hunt for 
beryllium, a promising structural metal for jet 
aircraft, missiles, and space satellites. Inexpensive 
chemicals and equipment required are listed. 15 
cents. 
IC 7947. Thermal Decomposition of Organic Nitro-
gen and Sulfur Compounds: A Survey of Chemical 
19 Free publications are available from the Publications 
Distribution Section, Bureau of Mines, 4j80() Forbes Avenue, 
Pittsburgh, Pa. 
t Out of print. 
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Abstracts, 1930 to 1956, by Irven A. Jacobson, Jr. 
1960. 99 pp. Consists of references dealing with 
gaseous-state thermal decomposition reactions of 
organic nitrogen and sulfur compounds. Part I 
lists nitrogen compounds; Part II, sulfur com-
pounds; and Part III, compounds containing both 
nitrogen and sulfur. Work done in cooperation 
with University of Wyoming. 50 cents. 
10 7948. Coal Chemicals for World Markets, by 
Joseph A. DeCarlo, Harry Perry, and Eugene T. 
Sheridan. 1960. 44 pp. 8 figs. Contains data on 
production, exports, imports, and consumption of 
coal-chemical materials in the leading countries of 
the world, including the United States. 35 cents. 
IC 7949. Training Technical Personnel for the Min-
eral Industries of the U.S.S.R., by Bernadette O. 
Michalski. 1960. 20 pp. 4 figs. Discusses educa-
tional system utilized by Russia in building a force 
of scientists, engineers, and technical workers to 
support expanding mineral production. Based on 
official Soviet reports and on American appraisals 
of Communist education programs, publication is an 
outgrowth of studies Bureau is making to gain 
knowledge of mineral-resource development behind 
the Iron Curtain. 20 cents. 
IC 7950. Sources of Refractory Raw Materials and 
Refractories Markets in South Central United 
States, 'by Howard E. Rollman and Harvard Eng. 
1960. 54 pp. 10 figs. An economic evaluation of 
supply and markets and a functional appraisal of 
resources in the area. Present and potential sup-
plies of raw materials are discussed only as they 
may be related to market demands. 40 cents. 
tIC 7951. Phosphate Rock (in Two Parts) 2. Proc-
. essing and Utilization, by William H. Waggaman 
and E. Robert Ruhlman. 1960. 36 pp. 8 figs. 
Describes industrial methods for decomposing phos-
phate rock to obtain such products as elemental 
phosphorus, phosphoric acid, phosphatic fertilizers, 
phosphate salts, and other compounds. Presents 
tlowsheets for typical plants, tabulates production 
statistics for various phosphate-rock products, and 
discusses industrial outlook. Part I, IC 7814, pub-
lished in 1958, contains general information on min-
ing, beneficiating, and marketing of phosphate rock. 
10 7952. An Economic Study of the Hot Carbonate 
Process for Removing Carbon Dioxide, by Sidney 
Katen and John H. Faber. 1960. 10 pp. 3 figs. 
Presents economics of the hot-carbonate purifica-
tion process for removing carbon dioxide. 15 cents. 
IC 7953. Bibliography on Metallurgy of High-Purity 
Tungsten, J::l.nuary 1911 Through February 1959, 
by Earl T. Hayes and Ruth A. Pritchard. 1960. 
46 pp. Includes more than 250 abstracts of arti-
cles and patents, foreign and domestic, that con-
cern improving the purity of tungsten-from proc-
essing the ore to treating the finished metal. 35 
cents. 
IC 7954. High-Temperature Systems for Nuclear 
Process Heat, by James P. McGee. 1960. 18 pp. 
9 figs. Presents discussion of possible applications 
for nuclear-process heat in the chemical field, de-
scribing design and testing of an electrically simu-
lated atomic reactor developed by the Bureau as 
part of preliminary studies aimed as gasifying coal 
with nuclear heat. 20 cents. 
Informa.tion Circula.rs 
IC 7955. Methods and Costs of Sinking a Circular 
Concrete-Lined Ventilation Shaft, by Lloyd Wil-
liams. 1960. 31 pp. 16 figs. Describes methods 
used in sinking a 1;700-foot concrete-lined ventila-
tion shaft, designed to handle 500,000 cubic feet 
of air a minute, at an Alabama mine. 25 cents. 
IC 7956. Mining Methods and Costs at Crystal-Vic-
tory and Minerva No. 1 Fluorspar Mines of Minerva 
Oil Co., Hardin County, Ill., by Gill Montgomery, 
J. J. Daly, and Frank J. Myslinski. 1960. 45 pp. 
21 figs. Describes exploration, development, and 
mining practices at two fluorspar mines. 50 cents. 
IC 7957. Permissible Mine Equipment Approved 
During 1957-58, by E. J. Gleim and F. R. Lee. 1960. 
27 pp. Lists equipment Bureau approved during 
1957 and 1958 as permissible for use in underground 
mines. Supplements B 543, Permissible Mine Equip-
ment Approved to January 1, 1953, issued in 1954; 
IC 7722, Permissible Mine Equipment Approved 
During the Calendar Years 1953-54, issued in 1955; 
and IC 7840. Permissible Mine Equipment Ap-
proved During the Calendar Years 1955-56, issued 
in 1958. 25 cents. 
IC 7958. Bibliography of Thermal Methods of Oil 
Recovery, by W. T. Wertman, N. A. Caspero, and 
T. E. Sterner. 1960. 13 pp. Includes nearly 250 
references to U.S. patents and published literature 
relating to thermal processes of oil recovery from . 
1899 through 1959. 20 cents. 
tIC 7959. Applications of a Small Electronic Digital 
Computer to Pyrometallurgical Research, by R. J. 
Leary, R. W. Smith, Jr., and B. J. Mitchel. 1960. 
26 pp. 7 figs. Tells how a small automatic elec-
tronic computer employing punched cards is used 
to perform calculations required in pyrometallurgi-
cal research. 
IC 7960. The National Safety Competitions of 1948-
58, by John C. Machisak and Elizabeth K. Elsner. 
1960. 195 pp. The National Safety Competition, 
sponsored and conducted annually by the Bureau, 
promotes safety in the mineral industries and en-
courages development of more effective accident-
prevention programs. Presents results of 11 annual 
contests for the period 1948-58; includes statistical 
information on injury experience of individual 
mines and quarries enrolled in the annual contests. 
$1.00. 
tIC 7961. Methods and Costs of Shaft Sinking in 
the Coeur d'Alene District, Shoshone County, Idaho, 
by John R. McWilliams and Eric G. Erickson. 1960. 
49 PP. 14 figs. This report, based on data and in-
formation made available by several operators of 
the Coeur d'Alene'mining district, describes shaft-
sinking practices in the district, including methods 
and procedures employed in 13 shaft-sinking proj-
ects at 10 mines. Gold, silver, copper, lead, and 
zinc are produced in the district. 
10 7962. Recommended Standards for Alternating 
Current in Coal Mines. by Bureau of Mines Health 
~md Safety Staff. 1960. 25 pp. 11 figs. Discusses 
advantages of ac systems and gives examples of 
practical installations in coal mines. 
tIC 7063. Mining Methods flnd Costs. Schwartzwal-
der Uranium Mine, Jefferson County, Colo., by J. 
H. SOUle. 1960. 24 pp. 13 figs. One of a series on 
methods and costs at vnrious mining operations, 
report describes activities at the Schwartzwalder 
mine, an important source of uranium ore in the 
Front Range. 
IC 7964. Methods and Costs of Driving Drifts, 
Crosscuts, and Raises in the Coeur d'Alene Mining 
District, Shoshone County, Idaho, by George T. 
Krempasky. 1960. 45 pp. 26 figs. One of a series 
dealing with mining methods and costs throughout 
t Out of print. 
the United States. Describes operations· at several 
mines. 35 cents. 
IC 7965. Possibilities of Using Nuclear Energy for 
Gasifying Coal, by James P. McGee and Sidney 
Katell. 1960. 11 pp. 4 figs. Describes a con-
ceptual design of a system to utilize nuclear heat 
for coal gasification and apparatus built to simulate 
operation of a high-temperature nuclear system. 
15 cents. 
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tIC 7966. Bibliography of Investment and Operating 
Costs for Chemical and Petroleum Plants, January-
December 1959, by Sidney Kateli, John H. Faber, 
and John W. Douglas. 1960. 68 pp. To aid plant 
managers estimating investment and operating 
costs of petroleum refining and chemical processes, 
bibligraphy contains nearly 300 abstracts of pub-
lications. Indexed by subjects and authors. Work 
done in cooperation with American Association of 
Cost Engineers. 
IC 7967. Coal-Mine Fires and Gas and/or Dust 
Ignitions Since Enactment of the 1952 Federal 
Coal Mine Safety Act, by C. M. Keenan. 1960. 9 
pp. Publication points out that 26 major disasters, 
which caused the deaths of 491 persons, occurred 
during the 7 years immediately preceding enact-
ment of the Federal Coal Mine Safety Act, while 
in the next 7% years under the act 12 major 
disasters, which caused the deaths of 148, occurred. 
10 7968. Constitution of Oil-Shale Kerogen: Bibli-
ography and Notes on Bureau of Mines Research, 
by W. E. Robinson and K. E. Stanfield. 1960. 79 
pp. Contains nearly 250 references and abstracts 
of literature published from 1905 through 1957 on 
the constitution of kerogen. 45 cents. 
IC 7969. Four Waterflooding Projects in Green-
wood County, Kans., 1960, by Kenneth H. Johnston. 
1960. 36 pp. 14 figs. Discusses four waterflooding 
projects-George Sheehan Ellis Unit project, Sin-
clair Oil and Gas Co. Browning Unit project, Citie.s 
Service Oil Co. Teter Unit project, and Wood Oil 
Co. Wiggins project. Gives history, methods em-
ployed, and results obtained from the waterflooding. 
Work done in cooperation with Kansas State Board 
of Health. 30 cents. 
IC 7970. Research and Technologic Work on Coal 
and Related Investigations, 1958, by Staff, Divi-
sion of Bituminous Coal. 1960. 89 pp. 10 figs. 
Twenty-third in a series, this report summarizes 
Bureau research and technologic work on coal, 
which was directed toward promoting conservation 
of coal resources through improved production and 
utilization during the year. 50 cents. 
IC 7971. Iron Mining Methods and Costs, Greenwood 
Mine, Ispheming, Mich., by R. C. Annear and W. 
A. Cole. 1960. 36 pp. 9 figs. Describes open, 
SUblevel, and shrinkage stoping at the Greenwood 
mine--one of three active hard-ore mines on the 
Marquette range; presents mining methods and 
costs and labor, power, and supply records. 30 
cents. 
IC 7972. Survey of Oil Production in West Virginia 
by Waterflooding, 1959 (in Three Parts). 1. Cow 
Run Sand, St. Mary's Field, Pleasants County. by 
Charles E. Whieldon, Jr.. and Robert M. Meddles. 
1960. 14 pp. 7 figs. First in a series describing 
secondary recovery of oil by waterflooding in 
various counties in West Virginia, report describes 
waterflooding operation of Dearborn Oil & Gas 
Corp. in the Cow Run sand near Calcutta. Part 2, 
IC 7982, published in 1961, discusses waterflooding 
in Wetzel County; part 3, IC 8036, published in 
1961, discusses waterflooding in Lincoln County. 
20 cents. 
Ie 7973. Iron and Steel Scrap in California and 
Nevada, by George C. Branner. 1960. 89 pp. 30 
figs. Presents information on the origin, collection, 
movement, . and consumption of iron and steel 
scrap. 50 cents. 
10 7974. Administration of the Federal Ooal-Mine 
Safety Act, 1952-59, by James Westfield, H. F. 
Weaver, and O. M. Keenan. 1960. 70 pp. o overs 
seventh year of operations under Federal Ooal-Mine 
Safety Act and reviews activities of the Bureau's 
Division of Ooal-Mine Inspection. 
10 7975. Injury Experience in Quarrying, 1957, by 
John O. Machisak, Naomi W. Kearney, and Zelda 
S. Glidden. 1960.55 pp. Presents statistical data 
on fatal and nonfatal injuries and related employ-
ment at all quarries by States. 40 cents. 
tIO 7976. Injury Experience in Ooal Mining, 1955-
56. Analysis of Mine Safety Factors, Related 
Employment, and Production Data, by John O. 
Machisak, Virginia E. Wrenn, Nina L. Jones, 
Elizabeth J. Reid, and Dora D. Rice. 1960. 116 pp. 
2 figs. Presents data on fatal and nonfatal injuries 
in bituminous coal and Pennsylvania anthracite 
mines for 1955 and 1956 and by States for the 2 
years. Includes historical data on coal-mine fa-
tality rates for the United States for 1870-1956. 
60 cents. 
10 7977. Injury experience in the Metal Industries, 
1956 and 1957, by John O. Machisak, Naomi W. 
Kearney, and Elizabeth B. Dixon. 1960. 82 pp. 
Presents data on fatal and nonfatal injuries and 
employment in the metal mines by States, including 
Alaska. 50 cents. 
10 7978. Mechanical. Mining In Some Bituminous 
Coal Mines. Progress Report 9: Face Haulage, 
by J. J. Shields and J. J. Dowd. 1960. 106 pp. 37 
figs. Ninth in a series on mechanical mining in 
bituminous coal mines, report presents results of 
studies made of different methods of face haulage 
used at 13 mines in Pennsylvania, West Virginia, 
Ohio, and Illinois. 55 cents. 
tIO 7979. Injury Experience in the Nonmetal In-
dustries (Except Stone and Coal), 1956 and 1957, 
by John C. Machisak, Naomi W. Kearney, and 
Hazel M. Keener. 1960. 78 pp. Presents injury 
and employment data for nonmetal mines and mills 
by States, type of mining, and principal nonmetallic 
mineral extracted, such as abrasives, asbestos, 
asphalt, barite, clay, feldspar-mica-quartz, fluorspar, 
gypsum, magnesite, phosphate rock, potash, pumice, 
salt, sulfur, talc and soapstone, and other minor 
nonmetals. 
10 7980. Lecture and Demonstration on Flame 
Propagation and. Permissible and Explosion-Proof 
Electrical Equipment, by Hal H. Engel and W. M. 
Merritts. 1960. 13 pp. 3 figs. Demonstration, 
one of several safety education features presented 
by Bureau and developed in connection with its 
accident-prevention work, shows that regardless of 
how expensive explosion-proof and permissible en-
closures are or how carefully they are installed 
only a false sense of security exists unless the 
equipment is properly maintained. 
10. 7981. Development of a Simulated High-Tem-
perature Nuclear Loop, by J. P. McGee, N. H. 
Ooates, and G. E. Fasching. 1960. 17 pp. 11 figs. 
The nuclear loop described in this report has been 
operated for more than 1,800 hours at 100 psig; 
includes discussion of equipment performance. 
Work done in cooperation with U.S. Atomic Energy 
Oommission. 20 cents. 
IC 7982. Oil Production in West Virginia by Water-
flooding, 1959 (in Three Parts). 2. Maxton Sand, 
Burton Field, Wetzel County, by Oharles E. Whiel-
don, Jr. 1961. 14 pp. 8 figs. Second in a series 
describing secondary recovery of oil by wa ter-
flooding in various counties in West Virginia. This 
t Out of print. 
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report describes the Barron Kidd Oil Oo.'s Santee 
waterflood project in Wetzel County. Part 1, IC 
7972, published in 1960, describes waterflooding in 
Pleasants Oounty, W. Va.; Part 3, 10 8036, pub-
lished in 1961, describes waterflooding in Lincoln 
County. 20 cents. 
10 7983. Methods and Oosts of Producing Brown 
Iron Ore at Two Small Southern Missouri Mines, 
by H. D. KHne. 1960. 18 pp. 8 figs. One of a . 
series on mining and milling costs in various dis-
tricts, report describes methods of mining and 
washing brown iron ore employed at the Sawyer 
and Fore mines. 20 cents. 
10 7984. Fluorspar Mining Methods and Oosts, 
Ozark-Mahoning Co., Hardin Oounty, Ill., by Harold 
Bailie, E. Powell, William Melcher, and F. J. 
Myslinski. 1960. 33 pp. 22 figs. Provides in-
formation on mining practices applied to flat-bedded 
fluorspar deposits in southern Illinois. Presents 
new and improved operating procedures and spe-
cialized techniques applicable to deposits of this 
type. .30 cents. 
10 7985. Open-Pit Copper Mining Methods and 
Practices, Copper Cities Division, Miami Copper 
Co., Gila County, Ariz., by W. R. Hardwick and 
M. M. Stover. 1960. 51 pp. 35 figs. One of series 
by the Bureau of Mines on mining methods, prac-
tices, and costs at various mining operations, report 
contains a brief history of the district and describes 
the Oopper Cities deposit. 35 cents. 
tIC 7986. Mining Methods and Costs, Regal 
Asbestos Mine, Jaquays Mining Corp., Gila County, 
Ariz., by L. A. Stewart. 1961. 53 pp. 36 figs. 
Discusses the highly selective mining methods used 
at the Regal asbestos mine, 45 road miles north-
east of Globe, Ariz. Discusses the milling method 
and tabulates the extraction ratios of the various 
grades of fiber. The proposed flowsheet of a· mill 
under construction is shown. 
tIO 7987. Injury Experience in Coal Mining, 1957, 
by John C. Machisak, Virginia E. Wrenn, Nina L. 
Jones, Elizabeth J. Reid, and Dora D. Rice. 1960. 
72 pp. 2 figs. Presents data on fatal and nonfatal 
injuries in bituminous coal and Pennsylvania an-
thracite mines in 1957 and by States for the year. 
Includes historical data on coal-mine fatality rates 
for the United States for 1870-1957 and injury 
experience, employment, and production data for 
1957. 45 ('ents. 
tIC 7988. Tentative Safety Recommendations for 
Field-Mixed Ammonium Nitrate Blasting Agents, 
by Staff, Bureau of Mines. 1960. 12 pp. Presents 
safety recommendations covering the preparation, 
storage, transportation, and use of field-mixed am-
monium nitrate blasting agents. (Revised and 
issued as 10 8179.) 
10 7989. National First-Aid and Mine Rescue Oon-
test. Buffalo, N.Y., October !1-7, 19E59, by H. F. 
Weaver and D. M. Alden. 1960. 97 P11. 5 figs. 
Describes the National First-Aid and Mine Rescue 
Contest, the fifth after a lapse of 21 years, held in 
the Memorial Auditorium in Buffalo, under aus-
pices of Bureau and Joseph A. Holmes Safety As-
sociation. Nine teams from 4 States participated 
in the mine rescue contest, and 43 teams from 8 
States in the first-aid contest. Six teams entered 
as combination teams, participating in both mine 
rescue and first-aid contests. 
10 7990. Manganese Deposits of Eastern Arizona, 
by L. L. Farnham, L. A. Stewart, and O. W. DeLong. 
1961. . 178 pp. 24 figs. Briefly describes most of 
the lmown manganese deposits of eastern Arizona. 
The distribution of the deposits by counties is as 
follows: Oochise, 45; Gila, 37; Pinal, 25; Pima, 13; 
Greenlee, 13; Santa Oruz, 12; Graham, 4; Navajo, 
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1; and Apache, 1. Discusses history, production, 
ownership, geologic setting, and mining methods. 
10 7991. Peat Producers in the United States That 
Reported Production in 1959, by Eugene T. Sheri-
dan and Virginia O. Berte. 1960. 10 pp. 1 fig. 
Twenty-sixth annual survey by the Bureau of Mines 
showed that 104 procedures in 19 states reported 
commercial' production of peat in 1959. 15 cents. 
10 7992. Fuel-Briquetting and Packaged Fuel Plants 
in the United States That Reported, Production in 
1959, by Eugene T. Sheridan and Virginia O. Berte. 
1960. 5 pp. Survey shows that 15 fuel briquet 
plants were operating in 8 states and 21 packaged-
fuel plants in 7 states in 1959. 15 cents. 
10 7993. Oatalog of Recorded Exploration Drilling 
and Mine Workings, Tri-State Zinc-Lead District 
-Missouri, Kansas, and Oklahoma, by Louis O. 
Brichta. 1960. 13 pp. 8 figs. Summarizes pro-
gress made by Bureau in assembling and compiling 
a catalog of available logs of drill holes and maps 
of mine developments in the Tri-State district. 
60 cents. 
10 7994. Gasfreeing of Oargo Tanks, by Michael 
G. Za:betakis. 1961. 10 pp. 6 figs. Outlines a 
study. of gas explosion hazards likely to be en-
countered while gasfreeing a vessel compartment. 
Reviews terminology used in gas-explosions work. 
10 7995. Testing and Splicing Electric Oables and 
Frame-Grounding Pit Equipment, Tecumseh Ooal-
Strip Mine, Boonville, Ind., by Sanford J. Douglas. 
1960. 17 pp. 4 figs. Describes study by Bureau 
of devices and methods used for testing and splicing 
4,160-volt and 440-volt cables and for providing 
ground-fault protection for 440-volt circuits at the 
Tecumseh coal mine, an open-pit operation. 
10 7996. Ooke Plants in the United States on De-
cember 31, 1959, ·by Joseph A. DeOarlo and Maxine 
M. Otero. 1960. 20 pp. Includes data on number 
and capacity of beehive and slot-type ovens on 
December 31, 1959. 20 cents. 
10 7997. Occurrence, Properties, and Uses of Some 
Natural Bitumens, by E. P. Oarman and F. S. 
Bayes. 1961. 42 pp. 1 fig. Emphasizes the less 
common solid and semisolid bitumens, particularly 
those occurring or used in the United States. 
10 7998. Research and Technologic Work on Explo-
sives, Explosions, and Flames: Fiscal Years 1955 
and 1956, by Ruth F. Brinkley and R. W. Van 
Dolah. 1961. 31 pp. 10 figs. A biennial report 
issued to acquaint the reader with the work in 
explosives and related studies. 30 cents. 
10 7999. Research and Technologic Work on Explo-
sives, Explosions, and Flames, Fiscal Years 1957 
and 1958, by Ruth F. Brinkley and R. W. Van 
Dolah. 1961. 30 pp. 12 figs. Reviews the activi-
ties in these fields during 1957 and 1958 and 
presents in abstract form the publications prepared 
by' the Bureau that appeared during the period. 
25 cents. 
10 8000. Research and Technologic Work on Explo-
sives, Explosions, and Flames: Fiscal Year 1959, 
by Ruth F. Brinkley and Robert W. Van Dolah. 
1961. 35 PI>. 14 figs. Explains mechanisms as-
sociated with the combustion and explosion of flam-
mable gases and volatile liquids and provides in-
formation on the flammability and explosibility of 
individual gases and vapors, especially those of 
industrial and military interest. 30 cmits. 
10 8001. American Standard Practice for Rock-
Dusting Underground Bituminous Ooal and Lignite 
Mines to Prevent Ooal-Dust Explosions (ASA 
Standard M13.1-1960, UDO 622.81), sponsored by 
Bureau of Mines. 1960. 5 pp. Publication is a 
revision of American Recommended Practice for 
Rock-Dusting Ooal Mines to Prevent Ooal-Dust 
Explosions, M13, sponsored by American Institute 
of Mining, Metallurgical, and Petroleum Engineers, 
approved in 1925 and reaffirmed in 1942. Contains 
recommended practices for the use of rock dust and 
definitions of the terms employed. 
IC 8002. Methods of Producing Secondary Oopper, 
by Max J. Spendlove. 1961. 41 pp. 14 figs. Con-
solidates information on secondary copper in one 
publication. Covers preparation of scrap, smelting 
low-grade copper scrap and wastes, melting and 
alloying intermediate-grade copper scrap, retining 
high-grade copper scrap, and fire retining a specific 
type of copper scrap. 
tIO 8003. Possible Uses for Bacteria in Metallurgi-
cal Operations, by Joseph A. Sutton and John D. 
Oorrick. 1961. 8 pp. Elements of bacteriology and 
metallurgy are discussed in relation to possible 
areas where biological science might be applied in 
extractive metallurgy. 
tIC 8004. Mining Methods and Techniques Used at 
the' Random Longwall Operation, Hecla Mining 
00., San Juan Oounty, Utah, by W. L. Dare and 
P. M. Lindstrom. 1961. 54 pp. 27 figs. Discusses 
location and physical features, history and produc-
tion, labor and living conditions, general geology 
and description of the deposit, exploration, de-
velopment and mining, the surface plants, produc-
tion rates, ventilation, and shaft-sinking data. 
10 8005. Flammable Materials: A Lecture Demon-
stration, by M. G. Zabetakis andH. H. Engel. 1961. 
17 pp. 14 figs. Describes fire and explosion hazards 
of flammable liquids and solids, oxidizing materials, 
corrosive liquids, and compressed gases. 
10 8006. Natural-Gasoline and Cycling Plants in 
the United States, January 1, 1960, by Ivan F. 
.Avery. 1961. 17 pp. Presents data on the design 
productive capacity of such plants. Provides tables 
showing the number of plants by States, the 
capacity by States and type of natural gas liquid 
products and plants, the summary by years, 1932-
60, and a list of natural-gasoline and cycling plants. 
20 cents. 
10 8007. Heavy Liquids and Procedures for Labo-
ratory Separation of Minerals, by J. S. Browning. 
1961. 14 pp. 7 figs. Gives information on the 
properties of different liquids for separating high-
specific-gravity minerals; also discusses sink-float 
techniques. Work done in cooperation with Uni-
versity of Alabama. 
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10 8008. Ooal Research Organizations: Their Ac-
tivities and Publications, by Mary S. Esfandiary. 
1961. 64 pp. Lists government, university, private, 
and commercial organizations that conduct research 
and development programs on coal. Areas of in-
vestigation include analysis and constitution, mining 
and geology, preparation, combustion, briquetting, 
high- and low-temperature carbonization, gasifica-
tion, hydrogenation, Fischer-Tropsch synthesis, and 
health and safety. 
tIO 8009. Petroleum Refineries, Including Orack-
ing Plants, in the United States, January 1, 1960, 
by O. E. Henni'g. 1960. 13 pp. SummarizE'S 
refinery capacity by years from 1930 to 1960 and 
by districts and States on January 1, 1960, and 
cracking plant capacity by years from 1930 to 
1960, by types from 1941 to 1960, arid by districts 
and States on January 1, 1960; also lists changes 
in crude-oil capacity by districts during 1959. 20 
cents. 
10 8010. Comparative Evaluation of Ooking Prop-
erties of Four Ooals. by Staff, Division of Bitumi-
nous Ooal. 1961. 22 pp. 6 figs. Presents results 
of tests made by three Bureau laboratories on four 
coals used industrially for coke production. Oovers 
the collection and analyses of samples, carbonization 
t Out of print. 
data and coke properties, the BM-AGA carbonizing 
apparatus, the 50-pound, 10-inch circular retort, the 
Bureau's Denver 500-pound experimental slot oven, 
and the TUscaloosa 17-inch slot-type experimental 
coke oven. 25 cents. 
10 8011. Uranium Mining in the Lukachukai 
Mountains, Apache Oounty, Ariz., Kerr-McGee Oil 
Industries, Inc., by W. L. Dare. 1961. 30 pp. 18 
figs. One of a series describing methods and costs 
of mining uranium on the Oolorado Plateau. The 
Navajo Uranium Division of Kerr-McGee Oil In-
dustries, Inc., mines uranium from several deposits 
of carnotite-type ores, which lie buried in the 
Lukachukai Mountains on the Navajo Indian Reser-
vation, Apache Oounty. 
10 8012. Mining, Milling, and Water-Oontrol Meth-
ods, Rosiclare Fluorspar Works, Aluminum 00. of 
America, by Ronald W. Schaefer, William H. Har-
rison, and Frank J. Myslinski. 1961. 52 pp. 23 
figs. Describes operations at the Hardin Oounty, 
Ill., site. Provides information on methods and 
procedures employed in mining steeply dipping 
fluorspar veins, 3 to 20 feet wide. Oovers explora-
tion, development, mining and milling practices, 
and mine-drainage problems. 
10 8013. Reconnaissance' of Selected Pegmatite Dis-
tricts in North-Oentral New Mexico, by D. E. 
Redmon. 1961. 79 pp. 19 figs. Reveals the loca-
tions' and general features of 90 pegmatites found 
in this area. 
10 8014. Tungsten Deposits in Utah, by F. D. 
Everett. 1961. 44 pp. 11 figs. Describes mineral 
areas inferred reserves, and production practices 
and problems. Includes bibliography. ' 
10 '8015. Uranium Mining Methods and Costs at 
Several Mines on the Colorado Plateau, by W. L. 
Dare. 1961. 48 pp. 19 figs. Considers information 
gathered between 1955 and 1958 on the following 
eight small mines: Vanura, Smith-Lucas, Jack 
Rabbitt, Ringtail, Frisco, Veta Mad, La Salle on 
Club Mesa, and La Salle on Beaver Mesa. The data 
should permit estimates of future costs at siDlilar 
deposits. 45 cents. _ 
IC 8016. Mining Methods and Practices, Hurricane 
Oreek Bauxite Mine, Reynolds Mining Corp., Saline 
County, Ark., by Raymond G. Travis. 1961. 19 pp. 
13 figs. A relatively high recovery of bauxite is 
obtained at this mine despite unconsolidated water-
bearing overburden and an unstable clay :floor. 
Controlled caving, timbered stope walls, and efficient 
drainage systems on the surface an9 underground 
have minimized the problems and raised ore re-
covery to about 25 percent more than that formerly 
obtained. Report includes history, description of 
deposit, development methods, mining, ventilation, 
mine drainage, ore recovery, and safety and health 
summary. 
tIC 8017. Summary of Mining and Petroleum Laws 
of the World, by Northcutt Ely. 1961. 215 pp. 
Summarizes the mining and petroleum laws of the 
countries of the world; primary attention is given 
to the requirements that must be met within the 
country for the acquisition of concessions or other 
forms of tenure to permit the development of its 
mineral resources. $1. 
IC 8018. 'Helium Production at the Bureau of 
Mines Keyes, Okla., Plant, by M. M. Deaton and 
R. D. Hayes. 1961. 16 pp. 9 figs. Presents per-
tinent, technical, and detailed information on 
operation and production costs of the Bureau of 
Mines helium extraction plant. 
IC 8019. Use of the High-Expansion Foam on a 
Pennsylvania Coal-Mine Fire, by T. J. McDonald. 
1961. 7 pp. 2 figs. Reviews methods used and 
t Out of print. 
Information iCirculars 
results obtained with high-expansion foam in an 
operating mine. Represents first instance where 
foam was applied extensively to a fire under actual 
mining conditions. 
IC 8020. Estimated Costs of Gasifying Coal in 
Place: A Study Based on Electrolinking and 
HydraUlic Fracturing Experiments of the Bureau 
of Mines, by Sidney Katell and John H. Faber. 
1961. 12 PP', 2 figs. Presents an economic analy-
sis of underground gaSification of coal and indicates 
the cost of prodUcing a gas for use in a powerplant. 
Major factors influencing operating costs are 
height of overburden, power costs, thermal effi-
ciency, and the gasification air inlet pressure. 
'IC 8021. Dust Oontrol in Mining, Tunneling, and 
Quarrying in the United States, 1955 Through 1957, 
by Floyd G. Anderson and R. L. Evans. 1961. 25 
pp. Summarizes the control measures applicable to 
these conditions that were studied in 1955, 1956, 
and 1957. Includes pneumonconiosis statistics; dust 
prevention and suppression practices; airborne dust 
sampling, measurement, and analysis; use of re-
spiratory protective equipment; education and 
training of personnel; legislation; and research. 
IC 8022. The National Safety Competition of 1959, 
by John C. Machisak, Virginia E. Wrenn, and 
Elizabeth K. Elsner. 1961. 39 pp. Reviews the 
accomplishments of participants in the 1959 Na-
tional Safety Competion, a contest conducted an-
nually by the Bureau of Mines in cooperation with 
The Explosives Engineer magazine. A Sentinels 
of Safety trophy is awarded annually to the win-
ning participant in each of the following six groups: 
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Anthracite, bituminous coal, metal, nonmetal, open-
pit, and quarry. 
IC 8023. The Soviet Seven-Year Plan (1959-65) for 
on, by Donald J. FrendzeI. 1961. 17 pp. 1 fig. 
Tells of expansion plan for the Soviet petroleum 
industry. Based on U.S.S.R. reports. Includes 
maps and list of references. 
10 8024. Costs of Mining Under Bolted Roof and 
Timbered Roof in Bituminous Coal Mines, by M. J. 
Ackerman and J. J. Wallace. 1961. 21 pp. De-
scribes studies made at 14 mines to compare the 
costs of the two methods. 
tIC 8025. Free-Swelling and GrindabiIity Indexes 
of United States Coals, by Roy F. Abernethy and 
E. M. Cochrane. 1961. 83 pp. 4 figs. Contains 
the free-swelling indexes for 2,812 samples received 
from January 1948 to July 1957 and the Hardgrove 
grindability indexes for 2,339 samples received from 
June 1947 to July 1957. 50 cents. 
IC 8026. Injury Experience in Coal Mining, 1958, 
by John C. Machisak, Virginia E. Wrenn, Nina L. 
Jones, Elizabeth J. Reid, and Dora D. Rice. 1961. 
67 pp. 2 figs. Presents injury experience data, with 
related employment statistics, iIi United States. 
tIC 8027. Drill-Dust Collectors and Drilling Equip-
ment With Integral Dust-Collecting Systems Ap-
proved by the Bureau of Mines as of January 31, 
1961, by Floyd G. Anderson and R. L. Evans. 1961. 
28 pp. 18 figs. Discusses requirements and pro-
cedure for obtaining certificates of performance and 
lists equipment certified as permissible under 
Schedule 25. 
10 8028. Mining and Milling Methods and Costs, 
Madison Mine, National Lead Co., St. Louis Smelt-
ing and Refining Division, Madison County, Mo., 
by H. D. Kline, W. A. Oalhoun, and B. M. Reynolds. 
1961. 26 pp. 13 figs. One of a series on methods, 
practices, and costs of mining and millings in the 
United States. Indicates that commercial quanti-
ties of sulfides of copper, nickel, and cobalt occur 
with lead sulfide. 
Information Circulars 
tIC 8029. Sinking a Large-Diameter, Concrete-Lined 
Access Shaft: Harold D. Roberts Tunnel, Colorado, 
by R. L. Boillier. 1961. 70 pp. 48 figs. Describes 
applications of modern methods and equipment used 
in sinking heavy access shafts that can be adaptable 
to mine development. 
10 8030. Manganese Deposits of New Mexico, by 
Lloyd L. Farnham. 1961. 176 pp. 27 figs. In-
cludes the location, history, production, ownership, 
geologic setting, and mining methods for most of 
the known manganese deposits in New Mexico. 
The counties that contain all the known manganese 
deposits are Catron, Dona Ana, Grant, Hidalgo, 
Luna, Rio Arriba, Sandoval, Santa Fe, Sierra, 
Socorro, San Juan, and Taos. $1. 
IC 8031. Recommended Procedures for Mine Hoist 
and Shaft Installation, Inspection, and Mainte-
nance., by W. Dan Walker, Jr., and R. W. Stahl. 
1961. 16 pp. 6 figs. Indicates the essential ele-
ments pertaining to safe installation and mainte-
nance· of hoisting equipment. 
·IC 8032. 'Pulverinzing Lignite in a North Dakota 
Powerplant, by R. C. Ellman and J. W. Belter. 
1961. 31 pp. 9 figs. Describes two series of tests 
on lignite pulverization with in-the-mill drying. 
Represents an attempt to determine power con-
sumption, fineness and moisture content of product, 
and other detailed operating characteristics of the 
lignite pulverizing unit. The, primary variable 
in the tests was lignite feed rate, and the operating 
characteristics were determined at feed rates rang-
ing from 6,500 to 10,000 lb/hr. 
tIC 8033. Mining and Furnacing Mercury Ore at 
the New Idria Mine, San Benito County, Calif., by 
R. K. Linn and W. F. Dietrich. 1961. 35 pp. 14 
figs. Discusses exploration, development, and con-
servation methods of the mine. 
IC 8034. Bibliography of Bureau of Mines Articles 
on Thermodynamics of Petroleum Constituents and 
Related Compounds: January 1, 1944-December 31, 
1960, by J. P. McCullough. 1961. 49 pp. This 
report, prepared in response to many requests, 
presents abstracts of 95 papers published in the 
outside press. Besides providing new thermo-
dynamic data, these papers describe advances in 
experimental techniques and new theoretical de-
velopments. They cover the Bureau's long-range 
research on the thermodynamics of hydrocarbons 
and hydrocarbon derivatives containing sulfur, ni-
trogen, fluorine, and metals. 
tIC 8035. Bibliography of Investment and Operat-
ing Costs for Chemical and Petroleum Plants, 
January-December 1960, by Sidney Katell, John H., 
Faber, and Mary Jo Williams. 1961. 96 pp. The 
, abstracted articles are concerned with all facets of 
cost engineering in petroleum and chemical plants 
and related facilities. The bibliography contains 
references to construction and operating costs and 
to cost estimating methods and theory. Work done 
in cooperation with American Association of Cost 
Engineers. 50 cents. 
IC 8036. Oil Production in West Virginia by Water-
flooding, 1959 (in Three Parts). 3. Berea Sand, 
Griffithsville Field, by Charles E. Whieldon, Jr. 
'1961. 12 pp. 7 figs. Third in a series describing 
secondary recovery of oil by waterflooding in vari-
ous counties in West Virginia. This report de-
scribes South Penn' Oil Co. Yawkey waterflood 
project in T..Jincoln County. Part 1, IC 7972, pub-
lished in 1960, considers waterflooding in Pleasants 
County; Part 2. IC 7982, published in 1961, dis-
cusse~ waterflooding in Wetzel County. 
IC 8037. Magnetite and Ilmenite Resources, Iron 
Mountain Area, Albany County, Wyo., by V. T. 
t Out of print. 
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Dow. 1961. 133 pp. 30 figs. Summarizes explora-
tion of the area's titaniferous iron deposits, by the 
Bureau of Mines and Union Pacific Railroad, 
and beneficiation work on the magnetite-ilmenite, 
by the Bureau of Mines. 
IC S038. Developments in Waterflooding and Pres-
sure Maintenance in Osage County, Okla .. Oilfields, 
1961, by Kenneth H. J oMston and Joe L. Castagno. 
1961. 38 pp. 17 figs. Information on each project 
covered in this report includes the early history, 
methods used to complete wells, source and treat-
ment of water, description of automatic custody-
transfer systems, oil-production-decline curves, 
mineral analyses of waters, typical electrical logs 
and core analyses, development maps, and results of 
waterflooding. Prepared in cooperation with the 
Oklahoma Corporation Commission, State of 
Oklahoma. 
IC 8039. Spectrochemical Analysis of High-Purity 
Metals: A Review and Bibliography of Recent 
Literature, by Maurice J. Peterson. 1961. 47 pp. 
Considers optical spectrochemical methods of analy-
sis for determining trace impurities in metals. In-
cludes a bibliography containing abstracts of recent 
methods. 35 cents. ' 
IC 8040. Kyanite. A Material Survey, by T. A. 
Klinefelter and James D. Cooper, with a chapter on 
Resources, by G. H. Espenshade. 1961. 55 pp. 5 
figs. Covers properties, uses, resources, technology, 
supply distribution, and development of the mineral. 
. Survey was prepared for the Office of the Civil 
. and Defense Mobilization. Includes bibliography. 
40 cents. 
IC 8041. Peat Producers in the United States in 
1960, by Eugene T. Sheridan and Virginia C.· 
Berte. 1961. 11 pp. 1 fig. Lists all producers 
that reported commercial production to the Bureau 
for 1960 and presents data on individual plants. 
tIC 8042. Administration of the Federal Coal-Mine· 
Safety Act, 1952-60, by James Westfield, H. F. 
Weaver, and C. M. Keenan. 1961. 68 pp. Covers 
a report of the Bureau's Division of Coal-Mine In-
spection for the calendar years 1952-60, as trans-
mitted annually to the Congress by the Secretary of 
the Interior, pursuant to the requirements of the 
Federal Coal-Mine Safety Act. 
IC 8043. Recent Development in Fire-Resistant Hy-
draulic Fluids for Underground Use, by Samuel P. 
Polack, Allen F. Smith, and Henry P. Barthe. 1961. 
32 pp. 9 figs. Discusses fire hazards occurring in 
coal mines when flammable petroleum hydraulic 
oils are used to actuate mining equipment and sum-
marizes research on fire-resistant hydraulic fluids. 
IC 8044. Cost Accounting and Control at Calumet 
Division. Calumet & Hecla, Inc., Calumet, Mich., by 
B. C. Peterson, E. R. Nelson, and William A. Beck. 
1962. 37 pp. 23 figs. Describes the successful 
use of cost accounting. Indicates that the constant 
control of cost in modern mining operations is 
essential if the increase in fixed costs 'relative to 
the cost of metal continues. 30 cents. 
tIC 8045. Trends in Alaska's Mineral Industry, by 
Alvin Kaufman. 1961. 43 pp. 6 figs. Delineates 
the problems and forecasts the growth of the min-
eral industries in Alaska. 
IC 8046. Trends and Outlook in the Pacific N orth-
west Aluminum Industry, by Frank B. Fulkerson. 
1962. 42 pp. Aluminum production in the Pacific 
Northwest ha,s a potential for expansion and in-
creased stability of operation. This potential 
results from greater availability of power, lower 
freight rates on alumina and aluminum, good mar-
ket prospects, and the possibility of developing 
bauxite deposits and other mineral resources in 
the Pacific Basin. 30 cents. 
IC 8047. Methods in Driving the 5490 Railroad 
Tunnel, Kennecott Copper Corp.t Salt Lake City, 
Utah, by V. T. Dow, F. D. Everett, and S. R. Wil-
son. 1962. 40 pp. 34 figs. Describes construction 
details and methods used in driving the tunnel that 
will provide railroad access to the world-famous 
open-pit copper mine at Bingham, Utah~ Includes 
a description of the operating cycle, equipment, en-
gineering practices, and performance data. 
. IC 8048. Bibliography of Zirconium: Supplement to 
Information Circulars 7771 and 7830, by Eleanor 
Abshire. 1962. 99 pp. This bibliography is the 
third in a series that covers current technical 
literature on metallurgy of zirconium. It is the 
result of a cooperative project by the Bureau of 
Ships, U.S. Department of the Navy. and the Bureau 
of Mines to accumulate literature for interested 
research organizations or libraries in the Zirconium 
Information Center at the Bureau's Albany, Oreg., 
station. Includes 780 literature references and 107 
U.S. and foreign patents. 50 cents. 
IC 8049. Bibliography of Bureau of Mines Investi-
gations of Coal and Its Products, 1910--60, by Staff, 
Division of Bituminous Coal. 1962 .. 161 pp. Lists 
more than 5,000 reports by members of the Bureau 
(including those published by the Bureau, by jour-
nals of various societies, and by the technical and 
trade press). Replaces earlier Bureau bibliogra-
phies that appeared as B 528, IC 7825, and Tech-
nical Papers 576, 639, and 698. $1. 
IC 8050. The Pacific Northwest Ferroalloy Indus-
try, by Gary A. Kingston. 1962. 26 pp. 23 figs. 
Considers the status and potential of the ferro alloy 
industry in the Pacific Northwest. Includes in-
formation trom operating alloy plants in Oregon, 
Washington, Idaho, and Montana; from published 
materials; and from consumers of ferroalloys. 25 
cents. 
IC 8051. Mining Methods of the Fort Dodge Lime-
stone Company, Inc., Fort Dodge, Iowa, by L. G. 
Marshall. 1962. 13 pp. 6 figs. Describes mining 
methods and performance at the underground 
. operations of Limestone Mine No.1. 20 cents. 
IC 8052. Fuel-Briquet and Packaged-Fuel Plants in 
the United States in 1960, by Eugene T. Sheridan 
and Virginia O. Berte. 1961. 5 pp. Lists all 
producers that reported commercial production to 
the Bureau for 1960 and furnishes annual capacity 
and production data. 
IC 8053. Lithium. A Materials Survey, by Albert 
E. Schreck. 1961. 81 pp. 6 figs. Discusses uses, 
pr.operties, resources, technology, supply, research, 
and development of the mineral. Survey was pre-
pared for the Office of Civil and Defense Mobiliza-
tion. 50 cents. 
IC 8054. Hydrogenation of Low-Temperature Coal 
Tar and Related Materials: A Summary of the 
Literature, by Howard W. Wainright. 1961. 85 pp. 
Summarizes information presented dnring the past 
. 25 years on the hydrogenation of low-temperature 
tars and related substances. Published articles and 
patents not' abstracted in the main body of this 
report are included in a bibliography at the end. 
50 cents. 
IC 8055. India's Iron and Steel Industry, by Lot-
follah NahaL 1961. 40 pp. 10 figs. Covers India's 
third 5-year plan for expanding steel production. 
Presents structure of the industry, principal pro-
ducers, method of financing three new Government-
owned plants, and plant details. Includes bibli-
·ography. 50 cents. 
tIO 8056. Yieldable Steel Arches and Yieldable Steel 
Ring Supports in Metal Mines, by N. A. EUertsen. 
1962. 55 pp. 64 figs. Presents results of study 
tOut of print. 
Information Circulars 
of artificial support for stabilizing openings in weak 
or . incompetent rock in metal mines. Describes 
yieldable arch and ring supports and cost of in-
stalling yieldable steel sets. 
IC 8057. A Method of Analyzing Demand for Min-
eral Commodities: A Oase Study of Salt, by 
Richard S. Watt. 1962. 35 pp. 10 figs. Presents 
one of the methods developed by the Bureau for 
analyzing the demand for any industrial new ma-
terial and illustrates the method with a case study 
of salt demand. 
1C8058. Waterborne Wastes and Water Use by 
Metal-Processing Industries in the Missouri River 
Basin, Kansas and Missouri, by Harvard Eng and 
H. Kenworthy. 1961. 26 pp. 1 fig. Results of a 
survey show that considerable quantities of water-
borne wastes originate from metal-processing in-
dustries. Conclusions and r~commendations regard-
ing a solution are based on data obtained from 
plant interviews. (See al80 10 8108.) 25 cents. 
IC 8059. Bureau of Mines Publication on Coal 
Preparation, 1910--60, by Albert W. Deurbrouck. 
1961. 29 pp. Lists 150 technical and scientific 
publications that document the Nation's progress 
in fuel technology. Includes index. -
10 8060. Vanadium. A Materials Survey, by Philip 
M. Busch, with chapters on Geochemistry and 
Geology of Vanadium, and Resources, by R. P. 
Fischer. 1961. 95 pp. 21 figs. Summarizes the 
supply-demand position of the United States. In-
cludes chapters on properties, products, and uses; 
historical background; geochemistry and geology; 
resources; technology; supply ana distribution; 
structure of vanadium industry; research and de-
velopment; and legislation and Government 
controls. $1. 
IC 8061. Ooke Plants in the United States on De-
cember 31, 1960, by Joseph A. DeOarlo and Maxine 
M. Otero. 1961. 20 pp. Presents data for 1960 
on all oven-coke plants in existence at yearend; 
also includes information on beehive plants on 
which reports were submitted to the Bureau. . 20 
cents . 
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tIC 8062. Petroleum Refineries, Including Cracking 
Plants, in the United States, January 1, 1961, by 
O. E. Hennig. 1961. 12 pp. Contains data on 
crude oil capacity and cracked and reformed 
gasoline capacity in the United States. 15 cents. 
IC 8063. Foreign Literature on Coal: A Guide to 
Abstracts and Translations, by Mary S. Esiandiary. 
1961. 46 pp. Describes sources available used to 
obtain information on foreign coal technology. 
IC 8064. Copper, Lead, and Zinc in Three Reces-
sions Following World War II, by Staff, Office of 
Chief Economist. 1961. 79 pp. 78 figs. Relates 
the status of the base-metals industries to the 
shifts in the United States economy since World 
War II. Covers prodUction, consumption, employ-
ment, stocks, prices, average weekly hours, and 
average hourly earnings . 
tIC 8065. Conversion of Coal to Fluid Fuels: Ab-
stracts of Selected German Patent Applications, 
by Ignaz Lichtig. 1961. 112 pp. German patents 
have been particularly useful in this field because 
both processes for the complete conversion of coal 
to fluid fuels originated in Germany and were 
thoroughly investigated there because of the short-
age of indigenous fluid fuels. Patents cover chemi-
cal processes and apparatus, furnace installations, 
gas production by degasification of fuels, wet 
methods of prodUcing fuel gas, production of fuel 
gas by carburetting, and purification of distillation 
gas and of acetylene. 
IC 8066. Instruction Handbook: Fundamentals of 
Accident Prevention for Coal-Mine Supervisors, by 
W. H. Tomlinson. 1962. 140 pp. 84 figs. Presents 
Information Circulars 
the basic text for a 20-hour accident-prevention' 
training course developed for supervisors by the 
Bureau. During the past 2 years, the course has 
been used by the Bureau to teach more than 300 
groups of coal-mine supervisors-men whose re-
sponsibility is to manage production and mainte-
nance phases of coal mining and to guide their 
men regarding safe procedures. 
IC 8067. Injury Experience in Coal Mining, 1959. 
Analysis of Mine Safety Factors, Related Employ-
ment and Production Data, by John C. Machisak, 
Virginia E. Wrenn, Nina L. Jones, Elizabeth J. 
Reid, and Dora D. Rice. 1961. 61 pp. 3 figs. 
Discusses general and selected injury data, injury 
experience by States, major disasters, and historical 
coal-mine-fatality experience. 
IC 8068. Mining and Milling Methods and Costs, 
Vermont Asbestos Mines, The Ruberoid Co., Hyde 
Park., Vt., by H. L. Burmeister and I. E. Matthews. 
1962. 43 pp. 33 figs. Describes all phases of 
mining and milling practices at an open-pit asbestos 
mine. Methods employed in exploration, sampling, 
and estimation of tonnage and grade are outlined. 
Breakdown of costs is given. 
10 8069. An Economic Analysis of Underground 
GaSification of Coal, by G. D. Bakulev; translated 
by A. Kahane; edited by J. L. Elder. 1962. 94 pp. 
Represents a translation of a Soviet publication. 
The objective of the work described was to in-
vestigate the present and future economic problems 
involved. in the underground gasification process. 
Briefly discusses the history and early development 
of the process. 
IC 8070. Permissible Mine Equipment Approved by 
the Bureau of Mines During 1959-60, With Ap-
pended Lists of Manufacturers of Flame-Resistant 
Trailing Cables and Fire-Resistant Conveyor Belts 
and Holders of Permits, by R. A. Kearns and F. 
R. Lee. 1961. 20 pp. Lists permissible mine 
equipm,ent that supplements B 543, IC 7722, 7840, 
and 7957. Also includes equipment meeting Bureau 
of Mines standards that have been revised since 
IC 7957 was issued. Appendixes list manufacturers 
of flame-resistant trailing cables and fire-resistant 
belts. 
IC 8071. Quadratic Functions for Copper Radiation, 
0° to 1800 29, by Gerald V. Gibbs and Ronald. M. 
Lewis. 1961. 43 pp. Quadratic functions, Q (hkl) , 
are given to six places in increments of 0.01 for 29 
from 00 to 90° for CuKa. and from 250 to 1800 
for CuKlI1. 
10. 8072. Quadratic Functions for Iron Radiation, 0° 
to 1800 29, by Ronald M. Lewis and Gerald V. 
Gibbs. 1961. 43 pp. Quadratic functions, Q (hkl) , 
are given to six places in increments of 0.010 for 
28 from 00 to 900 for FeKa. and from 250 to 1800 
for FeKa,l. 
IC 8073. The Pacific Northwest Steel Industry, by 
Gary A. Kingston anad Frank B. Fulkerson. 1962. 
45 pp. 13 figs. Discusses production, costs, and 
markets for steel produced in Washington and 
Oregon. Forecasts future production and consump-
tion of steel in these two States. 35 cents. 
IC 8074. Methods and Practices for Producing 
Crushed Granite, Columbia Operation, Palmetto 
Quarries Co., Columbia, S.C., by N. A. Pace, H. J. 
Schroeder, and H. L. Riley. 1962. 19 pp. 7 figs. 
Presents method of mining and prepari~g crushed 
stone for market requirements. Development, min-
ing, processing, maintenance and repairs, auxiliary 
operations, and power distribution are of particular 
interest. 
IC 8075. Microbiology of Coal, by Martin H. Rogoff, 
Irving Wender, and Robert B. Anderson. 1962. 85 
pp. 7 figs. Combines critical review of the litera-
ture of microbiology of coal with an introduction 
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to those areas of microbiology related to studies 
of coal as a biological material. Role of micro-
organisms in coalification is explored. 
IC 8076. Processes for Recovering Sulfur From 
Secondary Source. Materials, by B. K. Shibler and 
M. W. Hovey. 1962. 62 pp. Summarizes results 
of a literatUre survey and describes the more im-
portant processes that have been used or suggested 
for recovering sulfur and sulfur compounds from 
aU non-Frasch sources. Includes a bibliography 
of available English language literatUre through 
1958. 40 cents. 
10 8077. Injury Experience in Quarrying, 1958, by 
John C. Machisak, Virginia E. Wrenn, Naomi W. 
Kearney, and Zelda S. Glidden. 1962. 58 pp. 
Gives data on the number of injuries, injury fre-
quency rates, work location, accident agency, and 
degree of injury for employees of the quarrying 
industry. 
tIC 8078. Tungsten Deposits of Gila, Yavapai, and 
Mohave Counties, Ariz., by V. B. Dale. 1961. 104 
pp. 40 figs. Describes most of the known tungsten 
deposits in the three counties. Production figures 
are given for each deposit, where known, and for 
each county. Ore reserve estimates are made for 
each county. 
IC 8079. Physical Properties of Aromatic Ethers: 
A Literature Survey of 1,024 Compounds, by 
Clarence Karl', Jr. 1962. 75 pp. Presents the 
results of an investigation of the ether constituents 
of low-temperature tar. Lists the physical proper-
ies of 1,024 aromatic ethers. The compounds are 
divided in to 37 groups, ranging in complexity from 
the alkoxybenzenes to dibenzopyrans. 
10 8080. Progress in Controlling Acid Mine Water: 
A Literature Review, by Walter C. Lorenz. 1962. 
40 pp. 11 figs. Summarizes research reports 
written on the problems of contrOlling acid mine 
water, which have been studied for the past 40 
years. Measures to prevent pollution included 
neutralization of acid mine water from underground 
and strip mines, sealing of underground mines, 
segregation and sealing of acid-forming material, 
and drainage control. 
IC 8081. Proposed Standardization of Coal Mine 
Examination Records, by Harry A. Schrecengost. 
1962. 16 pp. Describes forms designed to provide 
clarity, accuracy, and uniformity. These forms will 
aid mine officials in recordiIig the results of 
examinations made by preshift examiners (fire 
bosses), aSSistant foremen, (section foremen, shift 
foremen, and face bosses), mine foremen (mine 
managers), weekly mine examiners, air measurers, 
and examiners of fans, shafts, and hoisting 
equipment. 
IC 8082. Rare-Earth Compounds as High-Tempera-
ture Refractories: A Bibliography, ,by Sara Jane 
Boles. 1962. 70 pp. Prepared for use of ceramic 
industry as a guide for locating and utilizing 
scattered and fragmentary information available, 
report includes more than 200 abstracts. Tempera-
ture of 1,500 0 C is the lower limit for reported 
data on thermal properties. 
IC 8083. Lead. A Materials Survey, by H. M. Cal-
laway. 1962. 194 pp. 32 figs. Presents all avail-
able data pertinent to supply-demand situation; 
gives statistics on production consumption, re-
serves, and capacities; and discusses technology of 
mining, processing, and fabrication. Includes chap-
ters on research and development, legislation and 
Government programs, and strategic factors relat-
ing to lead. This revised survey, originally pub-
lished in 1951, was prepared with the cooperation 
t Out of print. 
of the Geological Survey for the Office of Oivil 
and Defense Mobilization. $1.25. 
tIO 80~4. Methods and Oosts of Mining and Orush-
ing Limestone at Three Quarries, Anderson-Oxan-
dale Rock 00., Kansas, by H. D. Kline. 1962. 15 
pp. 12 figs. Describes the Bosse quarry, Pottawa-
tomie Oounty; Hansen quarry, Morris Oounty; and 
Huston quarry, Dickinson County. Includes in-
formation on the deposits, exploration, stripping, 
drilling and blasting, loading and hauling, crush-
ing and stockpiling, and on costs. 
10 8085. Equipment, Accessories, and Procedure for 
Fighting Mine ll-'ires With High-Expansion l!'oam, 
by R. Ward Stahl. 1962. 36 pp. 27 figs. Oon-
siders foam generators, examines a procedure 
adopted by some companies in event of fire, and 
suggest procedures for mock fire drills. 
10 8086. Sinking Methods and Oosts for a Small 
Vertical Shaft With Steel Supports': Keystone 
Mine, Orested Butte, 0010., by R.' L. Bolmer. 1962. 
25 pp. 19 figs. Describes methods and costs of 
sinking a mine shaft in massive sandstone. Direct 
sinking cost is given in detail in dollars and in 
units of labor, power, material, and supplies. 
10 8087. Active List of Permissible Explosives and 
Blasting Devices Approved Before February 28, 
1961, by N. E. Hanna. 1962. 10 pp. Gives all 
permissible explosives (gelatinous and nongelati-
nous) and permissible blasting devices on the 
active list as of February 28, 1961. 
10 8088. Ooal-Mine Hazards Oaused by Electrolysis, 
by Clyde L. Brown. 1962. 12 pp. 5 figs. Dis-
cusses some of the electrolysis hazards in the coal-
mining industry and outlines corrective measures 
that may be taken to alleviate them. 
10 8089. Proceedings: Tenth International Con-
ference of Directors of Safety in Mines Research, 
compiled by Ruth F. Brinkley and Robert W. Van 
Dolah. 1962. 216 pp. 6 figs. Oomprises sum-
maries and discussions of 70 papers presented at 
eight technical sessions of the International Con-
ference held at Pittsburgh, Pa., in 1959. Papers 
dealt with safety of coal mine explosives and ex-
plosion hazards, ignition, and fires in mines. 
Representatives from Belgium, Canada, Colombia, 
France, Germany, Great Britain, Indonesia, Japan, 
Korea, Mexico, the Netherlands, Poland, and the 
United States were present. 
10 8090. Prevailing Practices in Splicing Electric 
Trailing Oables in Ooal Mines, by Fred A. Williams 
and William R. Devett. 1962. 19 pp. Gives data 
on 232 splices that revealed that only 3 percent had 
all the characteristics desirable in splicing tech-
niques. Shows the need of higher standards of 
cable repair and care. 
10 8091. A Study of Mine Examination Techniques 
for Detecting and Identifying Underground Nuclear 
Explosions, by the Staff, Bureau of Mines. 1962. 
73 PP. 39 figs. Presents a study of mine-examining 
terhniques that might aid in the detection and 
identification of underground nuclear explosions. 
Reviews previous work, evaluates suggested tech-
niques and clues, recommends additional methods, 
and determines the feasibility of detection by 
om:;ite mine inspection based on existing knowledge. 
10 801)2. Sand and Gravel Operations and Costs, 
Com:;trnction Ag,!.?'regates Corp., Ferrysburg, Mich .. 
by William A. Beck. 1962. 26 pp. 21 figs. De-
scrihes the mining and processing of sand in an 
efficient, fully mechanized plant. Oovers history: 
geology; prospecting ~md reserves; stripping; e:x:-
cavation and transportation; safety methods; labor 
org:mization; fire protection; power, rail trans-
portation, and plant property; and performance.' 
t Out of print. 
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IC 8093. Evaluation of Washery Performance, by 
M. R. Geer and H. F. Yancey. 1962. 19 pp. 7 figs. 
Gives details of criteria for performance of coal-
cleaning equipment that are dependent on or in-
dependent of the nature of the raw coal and de-
scribes how these criteria may be used to predict 
cleaning results. Work done in cooperation with 
SchOOl of Mineral Engineering, University of 
Washington. 
10 8094. Sulfur Production and Consumption in 
Eight Western States: Arizona, Colorado, Nebraska, 
New Mexico, North Dakota, South Dakota, Utah, 
and Wyoming, byF. J. Kelly. 1962. 85 pp. 49 figs. 
Survey was made of the resources, production, con-
sumption, and economic futUre of the sulfur and 
sulfuric acid industry in eight Western States. 
Purpose of survey was to review the demand for 
sulfur and primary sulfur compounds that draws 
upon the natural resources of the region, to discover 
opportunities for better use of these resources, and 
to analyze and evaluate the patterns of consump-
tion, sources of supply, and other factors that affect 
the demand for these mineral products. 
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10 8095. Methods and Costs of Mining and Wash-
ing Manganese Ore, Batesville District, Arkansas, 
by H. D. Kline. 1962. 22 pp. 11 figs. Discusses 
methods and costs of mining and washing manga-
nese ore produced by three operators in Independ-
ence Oounty, Ark., whose mining and ore-recovery 
methods may be considered typical of the local 
manganese producers of the Batesville district. 
IC 8096. Changing Trends in the Use of Coke in 
the United States, by Harry Perry, Eugene T. 
Sheridan, and Joseph A. DeOarlo. 1962. 31 pp. 
6 figs. Reviews the history of the coke industry 
and the changes that have occurred in the use of 
coke. Evaluates the potential effects of innovations 
in blast-furnace operations and forecasts require-
ments for metallurgical coke. 
IC ,8097. Industrial Engineering Practice at Selected 
Metal Mines in Western States, by Donald E. 
Redmon. 1962. 81 pp. 23 figs. Presents informa-
tion based on experiences of relatively new and 
successful industrial engineering departments at 
selected Western mines. Emphasis is placed on 
tIme-study practice, collection of work-measurement 
data, analysis of data, and desirability of standard-
time data. A proposed standard-symbol nomen-
clature for time study of mining operations is 
presented. 50 cents. 
IC 8098. Bureau of Mines Research and Technologic 
Work on Coal, 1959, by the Staff, Bureau of Mines. 
1962. 119 pp. 39 figs. Presents highlights of the 
Bureau's work during the year, details Of which 
have been or will be published as separate reports. 
Report i!'l 24th in a series summarizing' research 
on coal and' related investigations directed toward 
promoting conservation of coal resources through 
improved production and utilization. 
IC 8099. Use of High-Speed Data Reduction and 
Processing in the Mineral Industry, by Richard F. 
Hewlett. 1962. 82 pp. 4 tJ,gs. Indicates tech-
niques that can be applied by industry. Reviews 
existing computer programs or processing methods, 
including calculation times and costs. 50 cents. 
IC 8100. Minerals in Japan's Industrial Economy, 
By K. P. Wang. 1962. 37 pp. 2 figs. Reviews 
the mineral industry of Japan from the point of 
view of raw-material supply, mineral-processing 
capacity, domestic and foreign markets, manage-
ment and capital, technology, role of Government, 
and future outlook. 30 cents. 
10 8101. The National Safety Competition of 1960, 
by .J ohn O. Machisak, Virginia E. Wrenn, and Eliza-
beth K. Elsner. 1962. 44 pp. Lists mines and 
quarries that ranked first through fifth in their 
Information Circulars 
competitive groups (anthracite, bituminous coal, 
metal. nonmetal. open-pit, and quarry) and sum-
marizes achievements in preventing disabling in-
juries at all of the 675 mines and quarries that 
participated in the 36th annual competition. 
IC 8102. Injury I!.1xperience in the Metal Industries, 
1958, by John O . .Machisak, Virginia E. Wrenn, 
Naomi VV. Kearney, and Eli2,iabeth B. Dixon. 1962. 
75 pp. Presents data on injury experience and 
employment at metal mines and metallurgical plaut~ 
in the Uuited States, including Alaska, for the 
calendar year 1958, and historical injury experi-
ence in the metal mining industry during 1951-58. 
10 8103. Oobalt. Po Materials Survey, by Joseph H~ 
BillJrey, Jr. 1962. 140 pp. 19 figs. Summarizes 
the supply-demand position of the United States. 
Includes chapters on forms and uses, history, re-
sources, technology, structure of the industry, re-
search and development, and legislation and Gov-
ernment controls. This revised survey, originally 
published in 1952, was prepared for the Office ot 
'Civil alld Defense l\10bilizatton. $1. 
10 8104. Mining, Milling, and Smelting Methods, 
San Manuel Copper Corp., Pinal County, Ariz., 
by V. B. Dale. 1962. 145 pp. 102 figs. Disrusses 
a modern block-caving operation producing 33,000 
tons pel' day. Cost cutting at this underground 
mine is imperative because the ore averages only 
0.78 percent copper; the important cost-cutting 
practices are discussed in detail. $1.50. 
IC 8105. Predicting Suitability of Variable-Com-
position Liquefied Petroleum Gases for Use in 
Appliances, by Joseph Grumer. 1962. 12 pp. 3 
figs. Calrulations are made establishing minimum 
concentrations of butane in liquefied petroleum gas 
(butane) cylinders for good flexibility in perform-
ance of existing appliances. Nearly pure butane is 
the minimum comp-osition needed for adjustment 
of butnne-hurning appliances. Appliances should be 
able to burn either propane or butane properly 
when adjusted. with either of the two fuels. When 
on1y one of the fuels is available, either fuel can 
be made equivalent to the other for burner adjust-
ment pnrposes by making a suitable change in 
gasline pressure. 20 cents. 
IC 8106. Research and Technologic Work on Explo-
sives. Explosions, and Flames: Fiscal Year 1960, 
by Ruth F. Brinkley and Robert W. Van Dolah. 
1962. 39 pp. 24 figs. Reviews the activities in 
these fie1<ls during the fiscal year and presents in 
abstrnct form the publications that appeared dur-
ing the report period. 30 cents. 
IC 8107. PIn tinllm Expansion Values for Thermal 
Calibration of High-TemperatUl'e X-Rny Diffrartion 
Camerns nnd Difi'ractometers, by William J. Camp-
bell. H)62. 9 PP. 1 fig. Evaluates acruracy of 
t(>mperAture measurements based on expansion of 
plntinnm Adoeo AS An internal stAndard; presents 
tnhnlnr expnm~jon values for platinum from 26° to 
1,700° C in 2-oegree intervals~· Hi rents. 
IC R10R. Wnterborne Mineral Wastes and Water 
Uses of V;arions Indnstrif's in the TJow(>1' l\fissonl'i 
River Rnsin, by Roy F. Wnters and H. Kf'nworthy. 
1962. 36 pp. Gives reSl11ts of an inventory mnde 
of wnstf'S of mineral origin, WAter requiremf'nts, 
trentmf'nt of WAstes. Ano wAtl'r trf'Atmf'nt practires 
of 163 inonstrinl instnllntions. R€'port is second 
in a snrvey C'onolll'ted in roopern tion with the 
l\fissonri Rnsin Field Committee of the n.R Depnrt-
ment of the Interior as pnrt of th.e l\,fissouri bnsin 
projert. The first report, issued as IC 805R in 11161, 
covf'1'ed most of the metal-processing industries. 
30 ('('nts. . 
IC 8109. Mining nnd Furnaring Methods and Costs, 
Ahhott Mine, COG Minerals Corp., I,ake County, 
Calif., by A. C. Johnson and F. D. Hanson. 1962. 
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35 pp. 14 figs. Describes the entire operation from 
initial exploration to actual production of mercury 
at a mine that operates on a high-cost, compara-
tively small-scale basis. 60 cents. . 
IC 8110. Uses and Properties of Magnesia as a 
Superrefractory for Temperatures Above 1,500° 
C.: A Bibliography, by Sara Jane Boles. 1962. 41 
pp. Contains nearly 150 references, most of which 
cover magnesium in a pure state. However, several 
discuss the effect of minor impurities on the prop-
erties of magnesia. A few references to articles 
on forming techniques are also included. 
IC 8111. Water as an Inert for Neutralizing the 
Coal Dust Explosion Hazard, by Donald W. Mitchell 
and John Nagy. 1962. 12pp. 12 figs. Summar-
izes current knowledge on the use of water as an 
inert in U.S. coal mines, with partirular regard to 
its use as a supplement to and SUbstitute for gen-
eralized rock dusting. 
IC 8112. Industrial Silica Deposits of the Pacific 
Northwest, lJy George .1. Carter, Hal J. Kelly, and 
E. W. Parsons. 1062. 57 pp. 11 figs. Gives re-
sults of investigation of 82 known silica deposits. 
Of 37 deposits found to be of high quality, 16 were 
large enough to be classified as industrial silica 
resources. 40 cents. 
IC 8113. Survey of Practices in Controlling Roof 
at Intersections and Junctions in Underground Coal 
Mines, by R. 'Yard Stnhl. 1962. 13 pp. 13.figs. 
Surveys the junrtion-support systems in use in the 
United States and recommends procedures to pro-
tect these critical areas in mines; although the 
exposed roof at intersections rarely exceeds 15 per-
cent of the total exposed, 30 percent of the fatali-
ties occur at these points. 
IC 8114. Saf€'ty PrActices in Shaft Sinking and 
Tunneling: 'West Delaware Aqueduct, by William 
Rachunis, Arthnr A. Sinicrope, and James A. 
Moore. 11)62. 35 pp. 12 figs. Describes conRtrnc-
tion of 43.64 miles of undf'rground tunnel, known 
as the West Delaware aqueduct. At the rE'quest 
of State and company officials, the Bureau initillted 
a safety training program; the safety and progress 
results are accepted as a record. 
IC 8115. Mine Water Control Program, Anthra-
cite Region of Pennsylvania: July 1955-Dl'C'(>mber 
1961, by H. A. Dierks. W. L. Eaton, R. H. Whllite, 
and F. T. Moyer. 1962. 63 pp. 58 figs. Cov('rs 
29 mine flood control projects. Givf's eSR(>ntial 
engineering and cost details for each proj€'ct. Eval-
uates the effect that the installed facilities hnve on 
the mine-water problem 2.S it concerns individual 
mines and the anthracite industry as a whole. 
IC 8116. Economie Annlysis of the PrOdl1('tion of 
Ferronickel and At€'el From Philippine Nif'lrplifprous 
Ores, hy Sidney Katell, John H. Fnber, T .. T. Joyre, 
and Paul W€'l1man. 1962. 4E) pp. 3 figs. Dis-
cusses relationFlhip of estimat€'d rapitnl rNlllire-
ments and prohnhle l'ptnrnR on fin €'le('tric furnflce 
operation to process Philippine lnterite and s(>rpen-
tine or€'s. Both ferronickel and steel could be 
prodnC'ed. . 
IC 8117. Bihliography of Investm€'nt and Operating 
Costs for ChpmiC'nl nno pptrolrum Plantl'1 . .TnTI1111ry-
DeC'emher 1D61, hy Sidney Kntell. John H. FAber, and 
J. Doug-Ins 1\'[achf'sney. 11162. OR pp. Contnins flb-
stracts of 307 artiC'lps on cost pnginf'ering in the fif'ld 
of ch€'mical nnd p(ltroleum plants pnhliGh€'o in 1!)61. 
Work donE' in cooperation with American Association 
of Cost EnginE'f'rs. 40 ('('nts. 
IC 8118. ThiC'kn€'RR of Ritnminous ("onI ano TJ£mite 
Seams Mineo in HH10. by W. H. Young' ano R. L. 
AnderRon. H)62. 19 pp. 1 fl~. Inclndpl'1 fln ta on 
produrtivity nnd av€'rage thirkness of hitmninous 
coal and lignite seams mined in the United States 
in 1920, 1945, 1950, 1955, and 1960. 
10 8119. Bureau of Mines Research and Techno-
logic 'Work on Ooal, 1960, by Bureau of Mines 
Staff. 1962. 121 pp. 45 figs. Twenty-fifth in a 
series, report reviews briefly work in progress dur-
ing 1960 and furnishes references to publications 
by Bureau personnel during the year. 
10 8120. Columbium and Tantalum. A Materials 
Survey, by William R. Barton. 1962. 110 pp. 24 
figs. SUlllmarizes the demand-supply position in 
the United States and includes information on pro-
duction, illlports, consumption, exports, capacity, 
interchangeability, sulJstitutes, and bistory. De-
.scribes properties of the commodity, principal com-
pounds and alloys, domestic and foreign resources 
and reserves, the structure of tbe industry, perti-
nent laws and taxation policies, tariffs, Government 
controls, and bistory of wartime control experi-
ences. Survey was prepared for the Office 'of Civil 
and Defense MolJilization.· 60 cents. 
IC 8121. BilJliograllby of Bureau of Mines Health 
and Safety PulJlications, July 1, 19G5, Through 
June 30, 1961, by G. G. Morgis. 1062. 46 pp. De-
scribes health and safE'ty reports published for the 
period JulY'l, 10G5, througb June 30, 1961; includes 
a subject index and all author index. Supplements 
B 558 issued in 1956 and Technical Paper 705 is-
sued in 1948. 
10 8122. E\'aluating Raw Materials for Rotary-
Kiln Production Of Lightweight Aggregate, by 
Howard P. Hamlin and George Templin. 1962. 
23 pp. 9 figs. Shows that laboratory data can be 
used to guide rotary-kiln testing, and an OI)I)raisal 
of a raw material for lightweight aggregate con-
crete can be ma de in' 3 days by the methods de-
scribed in this report. 25 cents. 
IC 8123. Aluminum Fabrication in the Pacific 
Northwest: An Economic Survey. by Frrmk B. 
Fulkerson. 1962. 29 pp. A survE'Y of 100 com-
pani~s proceSSing aluminum into finished products 
was made in 1961. The. principnl consumers and 
the finished produrts were identifipd. The market 
areas :mit the factors that encourage and discour-
age growth were sturlied. 2fi cents. 
10 8124. Trhenologi<:>ftl find Economic Problems of 
Rare-Earth-l\Jetal and Thorium Resources in Colo-
rado, New. Mexico, and Wyoming, by Francis J. 
Keny. 1962. 38 pp. 1 fig. PreRPnts farts con-
cerning the prodllrtion anit marketing of rare-
earth metals And thorium in the Central and South-
ern RO('ky :Mountains and reviews the <'urrent de-
mand for these elements in the United Statp::l. 
10 .8125. Mira. A Materials Survey, by Milford 
L. Skow. .1962. 241 pp. 27 Snmmnrizes 
the demlmrl-supply pm.;;ition in United Stntes 
and in<:Iuoes information ou prorlu('tion. imports, 
commmption. exports. 8ubstituteFl. ano hh:tory. Dis-
CUSSE'S propprties, mining. unit procE'ssing mE'thods, 
domf'stic and forE"ign rPRour('es flnd rf'RE'l'VPS. the 
stru<:>ture of the industry. pertinE'nt Ipgislation, nnd 
Governrnf'nt wartime controls. Rnrvpy wns pre-
pared with the COopPl'Rtion of the GE'ologj('nl Rnrvey 
for the Office of Civil and Defense Mobilization. 
$1.7;'). ' 
IC 8126. Rlnstinl; Stumps in Coal l\'finE's. by R. W. 
Stnhl. Iflf12, 7 pp. 3 figs. Rumnri:r,f>s re('E'nt 
finOings pnbli~hed hy the Bureau of Mines and 
re('ommencls sflfE'r rnpthons. 
IC ~127. Fls('nnf'wflYs ann Othpl' Flrner2'f>ncy Mens-
llT'PR in (1oRl 1\'f!nes, by R. W. Rtnhl. If)r,2. 13 np. 
3 fig'S. Dps('rihps escape. procedures used by several 
mining comnRnlPs. 
10 ~128, Ribliogrnphy of Tfll' 'Bnses. Anflly~js. Pro~ 
('hwtion. ~vnthpsis, snit Utilizntion. by Hownrd W. 
WAinwright. 1fl62. 99 pP. Consi~ts of OVPl' 1.000 
liternture and patent references from about 1945 
to 1961. 
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10 8129. Open~Pit Operations at the Tripp Pit, Con-
solidated Coppermines Corp .• Kimberly, Nev., by M. 
Clair Smith and A. C. Johnson. 1962. 16 pp. 3 
figs. Describes exploration, development, equip-
ment, and mining by open-pit methods the remain-
der of an ore body that had been previously worked 
by underground methods. 
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tIC 8130. Dust Control in Mining, Tunneling, and 
Quarrying in the United States. 1958 Through 
1960, by Floyd G. Anderson, R. L. Evans, and R. G. 
Peluso. 1962. 23 pp. Reviews and summarizes 
information on prevention and suppression of dust 
in mining, tunneling, and quarl'ying published in 
the United Stn tes dnring the years 1958 through 
1960. Unpublisbed pertinent data developed or as~ 
sembled by the Bureau of Mines during this period 
also are included. . 
IC 8131. Mercury Occurrences in Alaska, by Kevin 
l\1alon~. 1962. 57 pp. 22 figs. Describes principal 
mercury occurrences in Alaska and gives mining 
methods and costs for the Red Devil mine. 
10 8132. National First~Ajd and Mine Rescue Con-
test, Charleston, W. Va., October 2-4, 1961, by H. F. 
Weaver and D. l\I. Alden. 1962. 48 pp. 4 figs. 
Describes the 19th National First-Aid and Mine 
Res('ue Contest, wbich was held in the Civic Center, 
Charleston, W. Va., Octoher 2-4. 1961, sponsored 
by the Bureau and the .Joseph A. Holmes Safety 
Association. Eleven teams from 4 States partici-
pated in the H)61 mine rescue contest, and 43 teams 
from 7 States cOllJpeted in the first-aid contest. 
Five teams entered the combination contest, thus 
partiCipating in both the mine rescue and first-aid 
events. 
10 8133. Administration of the Federal Coal-Mine 
Safety Act, 1952-61, by .James Westfield, H. F. 
Weaver, and C. M. Keenan .. 1962. 56 pp. Presents 
a brief history of Bureau of Mines Division of 
Coal-Mine Inspection activities that have favorably 
affected health and saiety and reduced injuries at 
coal mines. . 
IC 8134. Injury Experience in .the Nonmetal In-
dustries (Except Stone and Coal), 1958, by John 
C. MaC'hisak, Virginia E. Wrenn, Naomi K. Kearney, 
and Hazel M. Keener. 1962. 84 pp. Presents 
injury and employment data for nonmetal mines 
and mills by States, type of mining, and principal 
nonmetallic mineral extracted, such as abrasives, 
asbestos, asphnlt, barite, clay, feld~pRr-mica-quartz, 
fluorspar, gypsum, mAgnesite, phosphate rock. pot-
ash, pumice, snIt, sulfur, talc, and soapstone, and 
other minor nonmetals. 
IC 8135. ME'thods for Producing Dimension Stone, 
Crab Orchard Stone Co., Inc., Oumberland Oonnty, 
TE'nn., by Harold L. Riley and H. J. Schroeder. 
1962. 18 pp. 9 figs. Describes methoits and prac-
tires used at the Peck quarry of the Crab Orchard 
Stone Co., Inc., one of the INlding producers of 
dimf'nsion stone in the Crossville IlreR. 
10 8136. Yncunm Melting of Stppl, by James R. 
Kprr. 1fl62. 32 pp. R figs. Descrihes vacnum 
mf'lting prOCE'SRPS and thpir Il ppJiC'l'l tion to the steel 
indnRtry. 'Vn('uum rnE'lting technology is discussed 
in gf'nE'ra I tE'rms. 2!1 <'€lnts. 
IOB1~7. Rpvipw of Fire find ExploRion HazRrd 
of Flight Vphir·le Comhnstihles, hy Rohprt W. Van 
Doll1h. Michnf'l G. Zahptnkis, Dflvid S. Burgess, 
and Opol'ge R. RC'ott. lflml RO pp. 5~ figs. Com-
piles the avnilflble {'hnl'f1('tprifltirs dnta for a series 
of ('omhustihles of ('urrf'nt interest. Pre~ents vapor-
prE'l':l':ure dn ta for fluorine, oxygen, ('hiorine tri-
fiuorifle, nitrog'pn tE'troxide, nitric acid, hyorogen 
pE'roxide, E'thylE'ne oxide, hydrogf'n, ammonia, pen-
tabornne, unsymmetrical dimethylhydrazlne, mono-
t Out of print. 
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methylhydrazine, hydrazine, and a series of hydro-
carbons including decalin, tetralin, bicyclohexyl, 
and other high-density fuels. In addition, flamma-
bility characteristics diagrams are included for 
each of the fuels in contact with air and, where 
available, other oxidants. Includes a section on 
combustion and detonation definitions and theory. 
10 8138. Review of Major Proposed Processes for 
Recovering Manganese From United States Re-
sources (in Three Parts). 1. Pyrometallurgical 
Processes, by Lindsay D. Norman and Ralph O. 
Kirby. 1962. 30 pp. 12 figs. Describes 11 major 
pyrometallurgical processes and operations sug-
gested for recovering manganese from domestic 
resources. Pa.rt 2, 10 8160, published in 1963, de-
scribes four chloride and seven fixed nitrogen 
processes. 
10 8139. Metallurgical Application of Solvent Ex-
traction :lj'undameiltals of the Process, by D. W. 
Bridges and J. B. Rosenbaum. 1962. 45 pp. 10 
figs. Deals with the status of solvent extraction 
in metallurgy, as well as with the rudiments and 
terminology of the unit operation. 
10 8140. Survey of Research on Thermal Stability 
of Petroleum Jet Fuels, by F. G. Schwartz and 
B. H. Eccleston. 1962. 116 pp. Summarizes in-· 
formation found in nearly 100 reports concerning 
the thermal stability of jet fuels. Includes infor-
mation gained from interviews with representatives 
of over 35 companies or agencies actively engaged 
in research in this field. Work done in cooperation 
with National Petroleum Refiners Association. 
10 8141. Injury Experience in Ooal Mining, 
1960. Analysis of Mine Safety Factors, Related 
Employment, and Production Data, by John O. 
Machisak, Virginia E. Wrenn, Nina L. Jones,. and 
Dora D. Rice. 1962. 76 pp. 3 figs. Presents 
injury data and related employment statistics un-
der the following topics: General injury experience, 
selected injury experience, injury experience by 
States, major distasters, and historical coal-mine-
fatality experience. 
10 8142. Mining and Milling Methods and Oosts, 
Eastern Magnesia Talc 00., Johnson Mine, J ohn-
son, vt., by H. L .. Burmeister. 1963. 42 pp. 31 
figs. Describes mining and milling practices at 
the Johnson talc mine. Oontains a description of 
the local geology and all available information on 
cost and performance data. One of a series of 
reports by the Bureau on mining and milling vari-
ous ores in the United States. 
10 8143. Secondary Nonferrous Metals Industry in 
Oalifornia, With Data on Nevada and Hawaii, by 
George O. Branner. 1962. 115 pp. 31 figs. Gives 
data on the generation, collection, preparation, and 
consumption of eight nonferrous scrap metals in 
Oalifornia; includes brief referE'nces to Nevada and 
Hawaii. Scrap metals of major importance, cop-
per, lead, aluminum, and zinc, make up about 95 
percent of the total value; the remaining four, 
antimony, magnesium, nickel, and tin, make up the 
remaining 5 percent. 60 cents. 
10 8144. Manganese Mining and Milling Methods 
and Oosts, Mohave Mining and Milling 00., Mari-
copa Oounty, Ariz., by P. V. Fillo. 1963. 29 pp. 
12 figs. Gives a brief history of the Black Rock 
Mine; describes the general geology of its ore de-
posit; and outlines methods of exploring, sampling, 
developing, and mining. Milling and sintE'ring op-
erations and mining and milling costs are discussed. 
10 8145. Velocity of Sound in P€'troleum Reservoir 
Rocks and Other Mediums: A Bibliography, by O. 
. A. Komar. 1963. 51 pp. Covers material obtain~d 
from a literature search of past and present uses 
of sound. Compiled as part of a Bureau investiga-
tion of possible applications of acoustic energy at 
sonic and ultrasonic frequencies in petroleum pro-
duction. Includes 143 references and subject and 
author indexes. 
IC 8146. Ultrasonic Phenomena and Methods of 
Measurement: A Bibliography, by O. A. Komar and 
J. Pasini III. 1963. 31 pp. Contains literature 
references and U.S. patents pertaining to ultra-
sonic phenomena, measurement techniques, and 
scientific and industrial applications. Has sub-
ject and author index. Literature search was 
conducted to review the uses that have been made 
of acoustic energy in the petroleum industry and 
to select procedures and techniques that could be 
applied to the solution of petroleum production 
problems. 
IC 8147. List of References to Metal-Halide Vapor 
Pressures With Bibliography, by F. D. Steven~on 
and S. D. Hill. 1963. 35 pp. Provides a ready 
reference to experimental vapor-pressure data of 
metal halides and oxyhalides. The material is di-
vided into two parts, a tabulation of vapor-pressure 
references for each of the metal halides (listed by 
metal) for which actual experimental data are re-
ported and a bibliography of the citations. 
10 8148. Paraffin and Other Blocking Agents That 
Interfere With Petroleum Production: A Bibliogra-
phy, by J. Pasini III. 1963. 34 pp. Oontains 
140 summarized references relating to paraffin depo-
sition, inorganic deposits, emulsion or waterblocks, 
detrital material in the' well, solids that block flow 
channels, and well work-over equipment and meth-
ods. Includes subject and author indexes. 
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10 8149. The Federal Ooal Mine Safety Act and 
Federal Mine Safety Codes: Interpretations and 
Applications, by the Staff, Health and Safety Activ-
ity. 1963. 26 pp. Presents interpretations of 
those provisions that may be misinterpreted or 
misapplied. Interpretations and practical applica-
tions of the Oodes are published for the first time. 
10 8150. Float Dust Deposits in RetUrn Airways 
in American Ooal Mines, by Edward MJ Kawenski, 
Edwin M. Murphy, and R. Ward Stahl. 1963. 20 
pp. 14 figs. Gives determination of the mean 
quantities of coal and incombustible content in 
711 dust samples collected from 50 mines in the 
major coal fields of the United States. Data from 
limited samples indicate that belt entries present 
a serious dust-explosion hazard when judged from 
the existing criterion of 65 percent incombustible 
content without conSidering the special hazard 
arising when surficial coal exists. 
10 8151. Mining Practices at Four Uranium Prop-
erties in the Gas Hills, Wyoming, by F. D. Everett. 
1963. 83 pp. 57 figs. Describes the geology, 
exploration, open-pit development and mining, and 
shaft sinking in the Gas Hills uranium district of 
Wyoming. Oost and performance data are pre-
sented as made available by the four mining com-
panies. One of a series on mining methods and 
costs in the development of our mineral resources. 
10 8152. The National Safety Oompetition of 1961, 
by John O. Machisak, Virginia E. Wrenn, and Eliz-
abeth K. Elsner. 1963. 49 pp. Gives results of 
the National SafetyOompetition of 1961, a contest 
sponsored and conducted annually by the Bureau 
to promote safety in the mineral industries ~nd 
encourage development of more effective accident-
prevention programs. Lists anthradte, bituminous-
coal, metal, nonmetal, and open-pit mines and 
quarries that ranked first through fifth in their 
respective groups and gives data on injury expe-
rience of ~n 868 contestants in the 37th competition . 
10 8153. Open-Pit Copper Mining and Concentrat-
ing Methods and Costs, Silver Bell Unit, Am-erican 
Smelting and Refining Co., Pima County, Ariz., by 
W. R. Hardwick. 1963. 72 pp. 41 figs. Oontin-
ues the series on representative mining operations 
iIi. the United States. Percentage distribution of 
mining, concentrating, and direct operating costs is 
given. 
IC 8154. Mining Methods and Costs, Inspiration 
Consolidated Copper Co. Open-Pit Mine, Gila 
County, Ariz., by W. R. Hardwick. 1963. 65 pp. 
42 figs. Describes operating and engineering prac-
tices at a completely integrated open-pit mine that 
was formerly a block-caving operation. Emphasis 
is given to the phYSical, economic, engineering, 
and management factors that have affected the 
choice of mining method and equipment. 70 cents. 
IC 8155. Production of Mineral Fuels and Hydro-
power in the United States Since 1800, by R. M. 
Gooding. 1963. 33 pp. 18 figs. Presents a short 
history of the production and utilization of the 
mineral fuels and hydropower and discusses the 
competition and interchangeability of the fuels. 
Brings together basic data for the production of 
coal, crude petroleum, natural gas liquidS, and 
natural gas. 30 cents. 
IC 8156. A Survey of Methods for Desulfurizing 
Residual Fuel OilS, by H. C. Carpenter and P. L. 
Cottingham. 1963. 29 pp. 4 figs. Presents a 
literature study of the types of sulfur compounds 
in residual fuels and possible methods of· desul-
furizing these fuels, sponsored by the Public Health 
Service, U.S. Department of Health, Education, and 
Welfare. Hydrodesulfurization appears to be the 
most promising method. Work done in cooperation 
with the University of Wyoming. 
IC 8157. Sand and Gravel Operations and Costs, 
Minneapolis-St. Paul Area, Minn., by L. G. Mar-
shall. 196K 66 pp. 29 figs. Presents a cross 
section of the sand and gravel operations in the 
Minneapolis-St. Paul area. Covers nine individual 
operations. economic problems peculiar to the in-
dustry, glacial geology of the area and its effect 
upon the grades and types of products, and popu-
lation trends and their effect upon the industry. 
One of a series published by the Bureau on mining 
methods, beneficiation methods, and costs at min-
ing operations throughout the United States. 
Ie 8158. Beryllium Investigations in California and 
Nevada, 1959-62, by George H. Holmes, Jr. 1963. 
19 pp. 2 figs. Beryllium was found to be concen-
trated along a wide belt in eastern Nevada extend-
ing from the Ruby Mountains, Elko County, south 
through the Fish Creek Range, Eureka County, the 
Snake Range, White Pine County, to the Virgin 
Mountains in Clark County, Nev., and Mohave 
County, Ariz. There are sporadic occurrences of 
beryllium in central and southern Nevada, and in 
the pegmatite dikes of San Bernardino, Riverside, 
and San Diego Counties, Calif., and in the granite 
masses of the southern Inyo Mountains, Inyo 
County, Calif. 
IC 8159. Methods and Costs of Rock Drilling at 
the Silver Summit Mine, Hecla Mining Co., Sho-
shone County, Idaho, by D'Arcy Banister and H. R. 
Wellman. 1963. 19 pp. 12 figs. Describes drilling 
practices at the Silver Summit mine in Shoshone 
County and the steps talren to increase drilling effi-
ciency in the 1952-58 operating period. Outlines 
mining and development methods and discusses 
drilling equipment and practice. Gives cost and 
performance data. 
IC 8160. Review of Major Proposed PrQcesses for 
R.ecovering Manganese From United States Re-
sources (in Three Parts). 2. Chloride and Fixed 
Nitrogen Processes. by Lindsay D. Norman and 
Ralph C. Kirby. 1963. 35 pp. 12 figs. Describes 
four chloride and seven fixed-nitrogen processes 
for recovering manganese from domestic resources. 
The 11 processes include HOI leach, HOI chloridiza-
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tion, 'HCI chloride volatilization, CaCb chloride 
volatilization, N02 leach, HNOa leach, HNOa-N02 
leach, NHa-C02-H20 system leach, (NH4hS04 leach. 
(NH4 )2S04 roast and ammonium salt roast. Part I, 
IC 8138, published in 1962, reviews the pyrometal-
lurgical processes. 
IC 8161. Ventilation of Continuous-Miner Places in 
, Coal Mines, by Donald P. Schlick and Robert W. 
Dalzell. 1963. 18 pp. 9 figs. Discusses a repre-
sentative cross section of methods successfully 
used to ventilate continuous-miner places as well 
as the factors that should be considered when 
selecting ventilating equipment. Line brattice can 
direct fresh air to the active face reasonably well, 
but if adequate area for installation is not avail-
able, other methods of auxiliary ventilation have 
been developed and are discussed in this study. 
IC 8162. Water Requirements and Uses in Ari-
zona Mineral Industries, by M. M. Gilkey and 
Robert T. Beckman. 1963. 97 pp. '51 figs. De-
scribes the effects of water shortage on Arizona's' 
mineral industries. Covers all of the State's con-
centrators and smelters and all metal mines using 
SUbstantial quantities of water. Cost figures for 
water are included. 50 cents. 
IC 8163. Rare Elements in Coal, by R. F. Aber-
nathy and F. H. Gibson. 1963. 69 pp. Summar-
izes published information available on the occur-
rence of rare elements in U.S. coals and pertinent 
information concerning the coals of other coun-
tries. Includes nearly 400 references. Contains 
data on the occurrence of chlorine, phosphorus, 
titanium, and manganese. Publication is a revision 
of Technical Paper 669, Rare and Uncommon Chem-
ical Elements in Coal, issued in 1944. 
IC 8164. Technology and Use of Lignite Proceed-
ings: Bureau of Mines-University of North Da-
kota Symposium, Grand Forks, N. Dak., Apri11961, 
compiled by James L. Elder and Wayne R. Kube. 
1963. 113 pp. 33 figs. Gives the text of papers 
presented at the 1961 Lignite Symposium. Tech-
nical developments in lignite research were pre-
sented, and lignite resources and market trends 
were evaluated by representatives of government 
and private industry from the United States and 
Canada. 
IC 8165. Aqueous Slurries of Coal and Granular 
Materials: A Bibliography, by L. F. Willmott, 
W. R. Huff, and W. E. Crockett~ 1963. 88 pp. 
Presents a compilation of material collected from 
an extensive literature search into the technology 
of aqueous slurries in order to establish design 
criteria for a pilot-plant-scale continuous· inte-
grated coal-water slurry system for feeding coal 
to a pressure gasifier, and to correlate various 
phases of the work with that of other investigators. 
Aqueous slurries of granular materials cover a 
broad spectrum of industrial materials, including 
hvdraulic cements and mortars, drilling muds, clay 
siips for ceramics, etc. 
IC 8166. X-Ray Mass Absorption Coefficients. A 
Literature Survey, by Howard M. Stainer. 1963. 
124 pp. 6 figs. Gives X-ray mass absorption co-
efficients, compiled from 28 sources, for 87 elements 
in tabular form, with both experimental and cal-
culated points included. Discusses the methods 
used by the authors of the references for deter-
mining these values and the results obtained. 
IC 8167. Bureau of Mines Research and Techno-
logic Work on Coal, 1961, by the Staff, Bureau of 
Mines. 1963. 121 pp. 34 figs. Summarizes Bu-
reau of Mines research and technologic work on 
coal and related investigations during 1961, details 
of which have been or will be published as sep-
arate reports. Report is 26th in a series. 
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Ie 8168. Injury Experience in Quarrying, 1959, by 
John e. Machisak, Virginia E. Wrenn, Naomi W. 
Kearney, and Zelda S. Glidden. H163. 56 pp. 
Gives data on the number of injuries, injury fre-
quency rates, work location, accident agency, and 
degree of injury for employees of the quarrying 
industry. 
Ie 8169. Injury Experience in the Metal Industries, 
1959, by John C. Machisak, Virginia E. Wrenn, 
Naomi W. Kearney, and Elizabeth B. Dixon. 1963. 
81 pp. Gives data on injury experience and em-
ployment at metal mines and metallurgical plants 
in the United States, including Alaska, for the 
'calendar year 1959. 
Ie 8170. Injury Experience in the Nonmetal Indus-
tries (Except Stone and Coal), 1959, by John e. 
Machisak, Virginia E. Wrenn, Naomi W. Kearney, 
and Hazel M. Keener. 1963. 91 pp .. Presents in-
jury and employment data on 2,525 nonmetal mines 
and 1,006 mills by States, type of mining, principal 
mineral extracted, and other pertinent categories. 
Ie 8171. Injury Experience in Quarrying, 1960, by 
John e. l\1achil:tak, Naomi W. Kearney, and Zelda 
S. Glidden. 1963. 57 pp. Gives data on the num-
ber of injuries, injury frequency rates, work loca-
tion, accident agency, and degree of injury for em-
ployees of the quarrying industry. 
Ie 8172. Injury Experiences in the Metal Indus-
tries, 1960, by John e. Machisak, Virginia E. 
Wrenn, Naomi W. Kearney, and Elizabeth B. 
Dixon. 1963. 85 pp. Presents data on injury 
experience and employment at metal mines and 
metallUrgical plants in the United States" including 
Alaska, for the calendar year 1960 and historical 
injury experience in the metal mining industry 
during 1931-60. 
Ie 8173. Injury Experience in the Nonmetal In-
dustries (Except Stone and Coal), 1960, by John e. 
Machisak, Virginia E. Wrenn, Naomi W. Kearney, 
and Hazel M. Keener. 1963. 93 pp. Presents in-
jury experience and employment data for the non-
metal mines and mills by States, type of mining" 
and principal nonmetallic mineral extracted, such 
as abrasives, asbestos, barite, clay, feldspar, fluor-
spar, gypsum, magnesite, mica, phosphate rock, 
potash, pumice, salt, sulfur, talc and soapstone, 
and other miscellaneous nonmetals. 
IC 8174. Mining Methods and Costs, Deep ,Creek 
Zinc-Lead Mine, Goldfield Consolidated Mines Co., 
Stevens County, Wash." by Galen G. Waddell. 1963. 
39 pp. 12 figs. Describes a relatively sman un-
derground operation that approached large, highly 
mechnnized mines in the low level of mining costs. 
Details the exploration program, stope develop-
ment, stoping procedures, and pillar removal. Min-
ing and milling costs are inelnded. 
IC 8175. The Appliration of Hydraulic Fracturing 
in the Recovery of Oil by WatE'rflooding; A Sum-
mary, by James A. Wasson. 1963. 10 pp. Sum-
marizes the results and conclusions reached by 
various investigators who have attempted to deter-
mine the extent to which hydraulic fracturing will 
afie('t the serondary reeovery of erude oil by water-
,flooding. Ahw explnins advantages and disad-
advantages of fracturing. 
IC 8176. Rllreau of Mines Boiler-Water Service, 
by A. A. BE'rk. 1963. 8 np. Des('rihE'l"I the natl1re 
of the service which the Bureau proviOes for other 
Federal agencies in solving boiler-feedwater 
prohlems.' 
IC 8177. on Recovery by Miscible-Phase Displace-
ment: A Bibliography, by L. K. Weaver, W. D. 
Dietzman, and M. E. Hawkins. 1963. 27 pp. Bib-
liography inrludes more than 250 references to U.S. 
patents, foreign patents, and published literature 
relating to miscible-phase displacement processes 
of oil recovery. Was compiled as a preliminary 
part of an engineering study of ,oil recovery by 
miscible-phase displacement started by the Bureau. 
10 8178. Three Waterflooding Projects and a Pres-
sure-Maintenance Project in Butler and Cowley 
Counties, Kans., by Kenneth H. Johnston and Joe 
L. Castagno. 1963. 43 pp. 16 figs. Describes in 
detail three waterflooding projects and a pressure-
maintenance project in Kansas where approxi-
mately 3 million barrels of oil was gained from 
the injection of about 39 million barrels of water 
into five formations. Discussion of each project 
includes information on early history, source and 
treatment of injection fluids, oil production-decline 
curves, and results of water injection on oil pro-
duction. Work done in cooperation with the Divi-
sion of Sanitation, Kansas State Board of Health. 
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IC 8179. Safety Recommendntionsfor Sensitized 
Ammonium Nitrate Blasting Agents, by the Staff, 
Bureau of Mines. 1963. 15 pp" Presents 84 safety 
recommendations for sensitized ammonium nitrate 
blasting agents. The ammonium nitrate-based 
fuel oil mixtures have partly or wholly displaced 
explosives such as dynamite in' many applications. 
Attempts to summarize knowledge of the hazards 
of ammonium nitrate-based blastipg agents and to 
give practical ways to cope with the dangers. Is 
a revision of IC 7988, published in 1960. 
IC 8180. Bibliography' of Investment and Operating 
,Costs for . Chemical and Petroleum Plants, January-
December 1962, by Sidney Katell, John H. Faber, 
and William C. Morel. 1963. 93 pp. Contains 
abstracts of 472 articles on all facets of cost engi-
neering in the field of chemical and petroleum 
plants and related facilities published in 1962, 
with subject and author index. Work done in co-
operation with American Association of Cost, Engi-
neers.35 cents. 
IC 8181. Open-Pit Iron Mining, Milling, and Costs, 
Groveland Mine, The Hanna Mining Co., Dickinson 
Country, Mich., by Leonard F. Heising, 1963. 37 
pp. 18 figs. One of a series on, mining and milling 
practices and costs in the United States. Describes 
how iron is selectively mined by open-pit methods 
and concentrated by means of spirals and flotation 
at the Groveland mine. Mining and miling costs 
are given in percent of total cost. 30 cents. 
IC 8182. Sandl"ltone as Dimension Stone, by Oliver 
Bowles and William R. Barton. 1963. 30 pp. Pre-
sents general information a bout dimension sand-
stone and describes its properties, composition, pro-
duction history, uses, marketing, distribution of 
deposits, quarrying methods, and recent advances 
in terhnology. 
IC 8183. Mobile Diesel-Powered Equipment for 
Noncoal Mines Approved by the Bureau of Mines, 
1951-62, by Rogers F. Davis, Joseph J. Sem:ln, 
George A. Hindman. and William E. O'Neill. 1963. 
20 PP. Describes 59 diesel-powered machines ap-
proved undE'r Bureau of Mines S('hedule 24. The 
opE'rating limitations of the marhines, which In-
clude 10comotlvE's. shuttle cars. tractors. ,and trurks, 
are given. Briefly des('ribes 24 diel"lel engine sub-
assemblies eertifiE'd undE'r the same schedule. 
IC 8184. Tranrock, by Oliver Bowles Rnd Roger L. 
Williams. 1963. 19 PP. 3 figs. Presents gE'neral 
information ahout tranrock: describes its proper-
ties. geology, distrihution of denosits. history of 
production, quarrying and milling methods, and 
uses. 
IC 81Ro. Computing Value of Helium in Cylindrical 
StE'el Containers, by H. S. Kalman. 1963. 102 pp. 
S figs. Prf'sE'nts a table of factors for rapid accu-
rate calculation of the volume of pure helium in 
cylindrical steel containers. From the table 'the 
volume of helium in a container can be calculated 
from observed pressure and temperature of the 
helium and the known internal volume of the con-
tainer, using base conditions of 14.7 psi a and 70° 
F. Table covers a pressure range from 0 to 4,500 
psia in 10 psi increments and a temperature range 
from 0 0 to 1200 F in 2-degree increments. 
IC 8186. Research and Technologic Work on Ala-
bama Coals: An Annotated Bibliography, by R. Q. 
Shotts and J. B. Gayle. 1963. 102 pp. 1 fig. Ref-
erences are arranged in order of subject matter. 
Geology, preparation, and carbonization of coal 
are emphasized. This bilJliograI)hy is especially of 
interest to those in areas wh~re thinner and less 
regular coalbeds must be exploited. This report, 
which includes author and areal indexes, was pre-
pared in cooperation with the University of Ala-
bama. 
IC 8187. Compressor and Related Explosions, by 
Henry E. Perlee and Michael G. Zabetakis. 1963. 
11 pp. 5 figs. Discusses the nature of the com-
bustilJle involved in compressor explosions, the 
methods of ignition, and the preventive measures 
that could be used to eliminate such explosions. 
Includes a literature survey. 
10 8188. Administration of the Federal Coal-Mine 
Safety Act, 1952-62, by James Westfield, H. F. 
Weaver, and C. M. Keenan. 1963. 53 pp. Covers 
the 10th complete calendar year of coal-mine inspec-
tions under the Federal Coal-Mine Safety Act and 
the 21st calendar year since D'ederal coal-mine in-
spections were begun. Background information and 
data from 1952 are given, including up-to-date 
statistics for the calendar year 1962. During that 
year approximately 9,704 coal mines were active in 
the United States, and the Bureau made 12,810 
regular inspections. 
IC 8189. Bureau of Mines Research and Technologic 
Work on Coal, 1962, by tbe Staff, Bureau of Mines. 
1963. 112 pp. 27 figs. Twenty-seventh in a series, 
the report reviews work in progress in 1962 and 
gives references to publications by Bureau person-
nel during tbe ye,ar. Certain -work first reported 
here will be covered in greater detail in later pub-
lications. 
IC 8190. Reconnaissance of Iron Resources in' New 
Mexico, by C. M. Harrer and F. J. Kelly. 1963. 
112 pp. 25 figs. Describes the location, features, 
qualities,and potential of iron occurrences and 
some associative resources-limestone and dolomite, 
coal, petroleum and natural gas, power, and water-
in New Mexico. Discusses the economic feasibility 
of utilizing these resources. 
IC 8191. Research and Technologic Work on Ex-
plosives, Explosions, and Flames: Fiscal Year 1961, 
by Ruth F. Brinkley and Robert W. Van Dolah. 
1963. 38 pp. 18 figs. Summarizes the research 
conducted by the Bureau's Explosives Research 
Laboratory from July 1, 1960, to June 30, 1961. 
Covers studies on ignition, structure, and behavior 
of flames; explosion and combustion processes; fun-
damental detonation problems; new explosive for-
mula tions; and the safety and performance of com-
mercial explosives. 
IC 8192. Safety Organization and Activities of 
Award-Wining Companies in Metal and Nonmetal 
Mining Industries, by R. W. Stahl and Robert T. 
Davis. 1963. 37 pp. 5 figs. Gives results of a 
Bureau study of safety practices of 41 companies 
that had won awards between 1957 and 1961. Sum-
marizes outstanding features of safety programs 
and gives detailed accounts of the safety organiza-
tions of four large companies. 
10 8193. Underground Gasification of Coal, 1945-60: 
A Bibliography, by Jobn P. Capp, Robert W. Lowe, 
and Dorothy W. Simon. 1963. 233 pp. Provides a 
comprehensive list of more than 800 references on 
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the underground gasification of coal from 1945 to 
1960, including patents. 
IC 8194. Methods and Practices in Clay Mining, 
Processing, and Utilization, Kraftile Co., Fremont, 
Calif., by Alfred Wild and Wallace W. Key. 1963. 
44 pp. 19 figs. Presents tecQnologic information on 
problems encountered in processing clay from the 
raw material to a finished product of glazed struc-
tural tile. Describes the prospecting, exploration, 
and test methods used to locate raw-material sources 
and covers processing methods, cost factors, and 
trl;lnds. Should assist potential clay suppliers in 
evaluating and marketing raw clay for use in tile 
manufacturing. 
IC 8195. Methods and Costs ,of Shaft Sinking, U.S. 
Atomic Energy Commission Projeet Gnowe, Near 
Carlsbad, N.Mex., by Merwin H. Howes. 1963. 
49 pp. 23 figs. Describes the design and sinking 
of Gnome sbaft, a 10-foot-diameter shaft which was 
sunk tbrough about 709 feet of rock and 506 feet of 
salt, and the driving of a 1,100-foot drift on the 
1,200-foot level. Includes details of methods used 
for sealing an aquifer in the rock section. Work 
done in cooperation with the U.S. Atomic Energy 
Commission. 35 cents. 
IC 8196. Mineral Resources of the Malagasy Re-
public, by Thomas G. Murdock. 1963. 147 pp. 32 
figs. Presents essential data from which a prelimi-
nary apprl:j.isal of mineral development potentials 
can be made and includes minerals not of primary 
interest to investors. Information in this survey 
was derived from published literature supplemented 
by field observations and, data from other sources. 
Work done in cooperation with the U.S. Agency for 
International Development and the Malagasy Re-
public. 75 cents. 
IC 8197. Methods and Costs of Exploration and 
Pilot Plant Testing of Ilmenite-Bearing Sands, 
Lakehurst Mine, The Glidden Co., Ocean County, 
N.J., by Richard Quirk and N. A. Eilertsen. 1963. 
68 pp. 35 figs. Describes metbods used in explor-
ing a sand deposit to determine ore reserve poten-
tial and the feasibility of mining and of establishing 
a milling plant, on ,the property for producing 
ilmenite concentrate. 
IC 8198. Crushed Limestone Operations, Watauga 
Quarry, Watauga St,one Co., Carter County, Tenn., 
by H. L. Riley and H. J. Schroeder. 1963. 21 pp. 
7 figs. Describes the methods and equipment used 
by the Watauga Stone Co. to drill and blast lime-
stone in a two-floor quarry and to crUSh, screen, 
blend, and load this stone, Power requirements 
per ton of stone produced are reported. The per-
sonnel requirements for individual pbases of the 
operation are tabulated in man-hours per ton of 
stone produced. 
IC 8199. Mining and Beneficiating Methods and 
Costs at Two Crushed-Limestone Operations, Madi-
son County, Iowa, by L. G. Marshall. 1963. 18 pp. 
13 figs. Describes the geology, method of mining and 
beneficiating, types of products, and costs, in terms 
of percent of total costs and of labor, power, and 
supplies for two crushed-limestone operations. 
IC 8200. Industrial Diamond. A Materials Survey, 
by Henry P. Chandler. 1964. 149 pp., 20 figs. 
A worldwide study describing forms, properties, 
uses, and substitutes; manufacture; history; geol-
ogy ; deposits; reserves; technology ; production, 
consumption, and trade; industrial structure; mar-
keting; research and development; and strategic 
factors. Cutoff date for statistics is yearend 1961. 
Includes appendixes on (1) Government wartime 
orders, (2) U.S. patents on industrial diamond 
and (3) glossary. Survey was prepared with the 
cooperation of the Geological Survey for the Office 
Informati(}n Circular,s 
of Emergency Planning (formerly Office of Civil 
and Defense Mobilization). 75 cents. 
IC 8201. Magnesium and Magnesium Compounds. 
A Materials Survey, by Hazel B. Ccmstcck. 1963. 
128 pp. 24 figs. This report is a comprehensive 
summary of fundamental infcrmaticn 'On uses, pro-
ducticn, consumption, imports, expcrts, and re-
serves 'Of the strategic metal magnesium and its 
ccmpcunds. Survey was prepared for the Office 'Of 
Emergency Planning (formerly Office of CiVil and 
Defense Mcbilizaticn). 65 cents. 
IC 8202. Sand and Gravel Operaticn and Ccsts, 
Ccncrete Materials and Ccnstructicn Division, Mar-
tin Marietta Ccrp., West Des Mcines, Icwa, by L. 
G. Marshall. 1963. 14 pp. 7 figs. Describes 
dredging and prccessing of sand and gravel frcm 
a glacial-fluvial depcsit in Raccccn River valley 
near West Des Mcines, Icw.a-including prelimi-
nary cleaning and separation at dredge site, sub-
sequent transferral to separate plants, and pro-
ducticn and dispcsal of various gr.ades 'Of aggregate. 
Tabulates ccsts in units 'Of lab 'Or, power, and sup-
plies. . 
10 8203. The Petroleum Industry of Iran, by L. 
Nahai and C. L. Kimbell. 1963. 112 pp. 33 figs. 
Gives a summary of Iran's petroleum industry, the 
oldest in the Near East. Includes a brief survey 
'Of the geology, oil reservoirs, techonolcgy, laws, 
economy, refineries, and stcrage and distribution 
facilities $1. 
10 8204. Mining Methods and Costs, Mcuat Mine, 
American Chrome Co., Stillwater County, Mont., 
by Paul M. Price. 1~63. 58 pp. 27 figs. Describes 
mining methods and ccst data for the Moaut mine, 
Nye, Mont., which was operated from 1953 to 1961 
under a Defense Minerals Production Administra-
tion contract. Althcugh costs were reduced 47 
percent, the chrome-to-iron ratio of the ore became 
tco low to meet industry specifications, and opera-
tions were terminated in 1961 after completion of 
the contract. 
IC 8205. A Study of Dust-Control Methods fcr Con-
tinucus Mining 'Of Ccal. 1963. 14 pp. 3 figs. 
Studies the effectiveness of dust-ccntrol methods 
employed in ccnnecticn with ccntinucus-mining 
operaticns. Summarizes conditicns required for 
contrcl of dust exposure 'Of wcrkmen and dust 
loadings of return air. . 
IC 8206. Marketing Ores and Concentrates of 
Gcld, Silver, Ccpper, Lead, and Zinc in the United 
States, by Melford H. Salsbury, William H. Kerns. 
Frank B. Fulkerson, and George C. Branner. 1964. 
150 pp. 9 figs. Presents data that the producer, 
especially the small mine 'Operator, can use tc 
survey available markets and make a preliminary 
estimate 'Of the net return tc be expected from an 
ore, 'On the basis of typical mill, smelter, and freight 
schedules. Recent production statistics are given 
marketing facilities are discussed, and lccations 'Of 
principal mining districts, custcm mills, and smelt-
ers are shcwn. Explanaticns 'Of treatment pro-
cesses, 'Ore types, treatment charges, payments fcr 
metals, and deducticns are given. Published rail 
and truck freight rates fcr mine products based 'On 
marketing patterns developed over many 'years are 
explained. $1.25. . 
IC 8207. Economic Aspects of Silver Production in 
the Cceur D'Alene Mining Regicn, Shoshone Coun-
ty, Idaho, by Frank B. Fulkerson. 1964. 20 pp. 
4 figs. Gives results of a study made to determine 
the econcmic factors gcverning silver producticn in 
the Cceur d'Alene mining region, Shoshone County, 
Idaho. Production and other statistics were 
analyzed. Concludes that higher silver prices could 
lead to new discoveries, increased capacity, and 
an upward trend in production at silver mines, but 
that even if lead and zinc prices rise substantially, 
output of byproduct silver frcm lead-zinc mining 
is unlikely tc increase. 
IC 8208. Loading and Transpcrtation at Zinc-Lead 
Mines, The Eagle-Picher Co., Jo Daviess County, 
Ill., and Lafayette County, Wis., by William A. 
Beck. 1964. 31 pp. 18 figs. Describes and il-
lustrates the diesel-powered, rubber-tired loading 
and haulage equipment and analyzes the materials-
handling system. The ccsts per ton of the various 
components of mechanical lcading, undergrcund 
haulage, underground crushing, and hoisting are 
tabula ted for fiscal year 1960. 
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IC 8209. Survey of Burning Coal-Mine Refuse 
Banks, by R. W. Stahl. 1964. 39 pp. 20 figs. 
Presents a survey 'Of all such refuse banks in the 
United States. Location, distance from nearest 
tcwn, condition and stage of the fire, surrounding 
topcgraphy, and size of 495 banks in 15 States are 
given. Ways of ccntrclling fires were reviewed, 
the ccmpacting and sealing method prcving most 
satisfactory. Methods fcr preventing refuse-bank 
fires by proper construction of banks are described. 
Work done in cooperation with the Public Health 
SerVice, U.S. Department of Health, Educaticn, 
and Welfare. 
IC 8210. Injury Experience in Coal Mining, 1961. 
Analysis of Mine Safety Factors, Related Emplcy-
me~t, and Production Data, by Forrest T. Mcyer, 
Virginia E. Wrenn, and Nina L. J 'Ones. 1963. 77 
pp. 3 figs. Presents injUry data and related em-
plcyment statistics under the following topics: 
General injury experience, selected injury experi-
ence, injury experience by States, majcr disasters, 
and historical coal-mine-fatality experience. 
IC 8211. Bureau of Mines ChrQmium Supplied fcr 
Research, July 1953 to July 1961, Including Names 
of Recipients and Nature of Studies, by G. Asai 
and H. Katc. 1964. 15 pp. Presents a tabulation 
of the distribution of chromium samples by the 
Bureau. The samples were used for such studies 
as the following: MechaI!ical properties, vapcrized 
metal and vaporization, physical prcperties, cor-
rosicn and oxidation, chemical, and medical. The 
samples were used in medical research to determine 
the suitability of a radioactive chromiUm isotope 
in the radiotherapy of cancer. 
IC 8212. Subsurface Dispcsal of Industrial Wastes 
in the United States, by ErIe C. Dcnaldson. 1964. 
34 pp. 3 figs. Reviews current industrial practices 
fcr subsurface disposal of liquid wastes. Gives 
details on mcre than 30 wells ranging in depth 
from 30 to 12,000 feet that are used for industrial 
waste disposal into subsurface fcrmaticns which 
include unconsolidated sand, sandstcne, vugular 
lime$tone, and fractured gneiss. 
IC 8213. Refractcry-Clay Deposits of Utah, by 
Jcel Van Santo 1964. 179 pp. 48 figs. Gives 
results of an investigation 'Of Utah clay resources 
that cculd be used for the manufacture of refrac-
tories and light 'Or buff-burning heavy-clay prod-
ucts, More than 400 samples were tested; 'Of 60 
refractcry-clay samples tested, 10 were superduty, 
11 high duty, 5 intermediate duty, 16 low duty, 
and 18 sub-low duty types. 
IC 8214. Mining Methods and Ccsts, Kimballton 
Limestone Mine, Standard Lime and Cement Co., 
Giles County, Va., by N. A. Eilertsen. 1964. 50 
pp. 28 figs. Describes procedures fcr drilling and 
blasting limestcne at the Kimballtcn Mine in Giles 
COltnty, Va. Operating features include under-
ground air compression, electric-eye control 'Of cur-
tained doorways, use of a single jumbo drill rig 
for all drilling, an effective plan for maintenance 
of' equipment, and an outstanding program. 
IC 8215. Unccnventicnal Methods of Hydrogena-
ting Coal, by Walter Kawa, and Raymond W. 
Hiteshue .. 1964. 29 pp. Discusses the economics 
of the conventional methods and presents a review 
of unconventional methods of hydrogenating coal. 
Contains annotated bibliograhpy. 
IC 8216. Oil Shale Technology: A Review, by H. 
M. Thorne, K. E. Stanfield, G. U. Dinneen, and 
W. I. R. Murphy. 1964 .. 24 pp. Discusses the 
occurrence and estimated reserves of oil-shale de-
posits throughout the world, the compositions of 
the shales, and the devices that have been developed 
to utilize them. Covers oil shale throughout the 
world, but emphasizes the oil shale and technology 
of the United States. Work done in cooperation 
with the University of Wyoming. 
IC 8217. Bibliography of Investment and Operating 
Costs for Chemical and Petroleum Plants, January-
December 1963. by Sidney Katell and W. O. Morel. 
1964. 126 pp. Contains abstracts of 687 articles 
on all facets of cost engineering of chemical and 
petroleum plants and related facilities published 
in 1963, with subject and author index. Work 
done in cooperation with the American Association 
of Cost Engineers. 65 cents. 
IC 8218. Research and Technologic Work on Ex-
plosives, Explosions, and Flames: Fiscal Year 1962, 
by the Staff, Explosives Research Laboratory 
1964. 36 pp. 13 figs. Describes the principal ac-
tivities of the Explos'ives Research Laboratory from 
July 1, 1961, to June 30, 1962. Gives short abstracts 
of publications that appeared during fiscal year 
1962; in general, the research reported in these 
publications antedates the report period. Gives the 
results of an investigation which, although too 
limited to warrant separate publication, merits 
presentation in some detail because of current in-
terest in ammonium nitrate-fuel oil compositions. 
IC 8219. ~otential of Nuclear Explosives for Pro-
ducing Hydrocarbons From Deposits of Oil, Natural 
Gas, Oil Shale, and Tar Sands in the United States, 
by J. Wade Watkins and C. C. Anderson. 1964. 
17 pp. Presents a theoretical study of the feasibility 
of using nuclear explosives to stimulate production 
of liquid or gaseous hydrocarbons from essentially 
nonproducing formations. Additional information 
is needed on the effects of pressure, heat, and 
radioactivity on the solids and fluids of hydrocar-
bon deposits; nature and extent of fracturing in 
different rock media; and the confining or removal 
of radioactive contaminants. Final technical fea-
sibility can only be determined by a field test. 
Work done in cooperation with the U.S. At<)mic 
Energy Commission. 
IC 8220. Permissible Mine Equipment Approved by 
the Bureau of Mines During 1953-62. A Supplement 
to Bulletin 543, by F. R. Lee and R. L. Evans. 
1964. 39 pp. Consolidates lists of permissible 
mi:p.ing equipment issued by the Bureau from 1953 
through 1962. With the Bureau's Bulletin 543, it 
provj.des complete coverage of approved mining 
equipment. 30 cents. 
IC 8221. Analyses of Natural Gases of the United 
States, 1961, by Richard D. Miller and Geraldine 
P. Norrell. 1964. 148 pp. 1 fig. Contains routine 
analyses and related source data for 434 gas samples 
from 16 States, collected during calendar year 1961 
as part of the continuous survey for the occurrence 
of helium in natural gas conducted by the Bureau. 
Gas samples were obtained from gas and oil wells 
and from pipelines; analyses were made with mass 
spectrometer and . Frost helium apparatus. This 
circular is the fi.~st of a new series a~d supplements 
the three Bulletins on helium-bearing gases of the 
United States; Bulletin 486, published in 1951; 
788-95'1~65--8 
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Bulletin 576, published in 1958; and Bulletin 617, 
published in 1963. 70 cents. 
10 8222. Sulfur Resources and Production in Texas, 
Louisiana, Missouri, Oklahoma, Arkansas, Kansas, 
and Mississippi and Markets for the Sulfur, by F. 
F. Netzeband, Thomas R. Early, J. P. Ryan, and 
1V. C. Miller. 1964. 77 pp. 28 figs. Gives infor-
mation on the types, location, and size of the sulfur 
resources of the area included in these seven States 
and relates this information to the domestic sulfur 
industry and to world developments that could pos-
sibility affect existing relationships. Economic 
factors and relationship affecting the area's pro-
duction and consumption of sulfur are analyzed. 
45 cents. 
10 8223. Titanium in the Southeastern United 
States, by Fred P. Giese, Lawrence E. Shirley, and 
James L. Vallely. 1964. 30 pp. 6 figs. Shows 
that reserves of titanium ores in the Southeast 
are large, widespread, and ample for anticipated 
demand. The leading titanium industries are min-
ing and beneficiating sand deposits, principally in 
Florida, and manufacturing titanium pigments. 
Most of the mineral output is consumed by the 
producers themselves. In 1962, 20 percent of the 
national titanium pigment capacity was i~ the 
Southeast. 
IC 8224. Safety Organization and Activities of 
Award-Wining Companies in the Coal-Mining In-
dustry, by Robert T. Davis and R. W. Stahl. 1964. 
26 pp. 1 fig. Gives results of a Bureau study of 
safety practices of companies that had won awards 
between 1957 and 1961. SUmmarizes outstanding 
features of safety programs and gives detailed 
accounts of the safety organizations of three com-
panies. 
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IC 8226. Application of the Method of Least Squares 
to PVT Data on Gases, by B. J .. Dalton. 1964. 
18 pp. Presents briefly a method of treating 
pressure-volume-temperature data on gases that 
consists of expressing the isothermal variation of 
the pressure-volume product of a gas in terms of 
a power series in either the pressure or the density 
and of evaluating the so-called virial coefficients by 
least squares solution. This report presents the 
method of least squares and its application to 
rational integral functions of one to four degrees, 
without going into any details of the mathematical 
without going into any details of the mathematical 
lems o'f curve fitting. 
IC 8227. American Standard Safety Rules for 
Installing and Using Electrical Equipment in and 
About Coal Mines (M2.1). (Revision of American 
Standard Safety Code for Installing and USing 
Electrical Equipment in Coal Mines, M2.1, 1952), 
by American Standards Association. Sponsors, 
American Mining Congress and U.S. Bureau of 
Mines. 1964. 27 pp. 8 figs. Gives revision of 
safety rules for installing and using electrical equip-
·ment in and about coal mines, superseding those 
published in Bulletin 514 in 1952. 25 cents. 
IC 8228. Examining and Testing Clay From Hart-
ford County, Conn., for Lightweight Aggregate 
Use. The Clark Brick Co. DepOSit· at South Wind-
sor, by W. T. Millar, and H. P. Hamlin. 1964. 21 
pp. 7 figs. Describes laboratory tests on clay 
from South Windsor, Hartford County, Conn'1 to 
determine whether it is suitable for lightweight-
aggregate raw material. The clay will make an 
acceptable lightweight aggregate if kiln tempera-
ture and kiln feed sizes are carefully controlled. 
10 8229. Mineral Resources of Upper Missouri 
River Basin, Mont. Fort Peck Reservoir to Morony 
Dam, by C. R. Hubbard, R. N. RoiJ.y, W. C. Henkes, 
Information Circulars 
and P. Biggs, 1964. 60 pp. 5 figs. Gives results 
of studIes of the mineral resources of the Upper 
Missouri River Basin from Fort Peck Reservoir 
to lVlorony Dam. Evaluates future economic devel-
opment of mineral resources. Oil and gas have 
been produced from several fields in the area; 
total value' exceeds $45 million. Coal-bearing for-
mations cover approximately 45 percent of the 
study area, and total production of coal since 1880 
has been between 40 and 50 million tons, exceeding 
$75 milliop. in value. Total metal production has 
been abo'll;t $52.5 million. 
IC 8230. Geothermal Power. An Economic Evalua-
tion, by Alvin Kaufman. 1964. 24 pp. 4 figs. 
Evaluates the economic potential of geothermal 
power and its relationship to other sources of 
energx. Geothermal plants are competitive with 
conventional units, and potential for thermal power 
exists in the Western United States, Alaska, and 
possibly Hawaii. 25 cents. 
.10 8231. The National Safety Oompetition of 1962, 
by Forrest T. Moyer, Virginia E. Wrenn, and 
Eliza beth K. Elsner. 1964. 51 pp. Reviews the 
accomplishments of participants in the 1962 Na-
tional Safety Oompetition, wbich was the 38th an-
nual contest sponsored by the Bureau of Mines. 
Of the record 910 mines and quarries enrolled, 415 
achieved injury-free operations for the year, the 
largest number of perfect records in the history 
of the contest. The participating operations also 
achieved .a lower injury-frequency rate than in 
1961. . .. " 
10 8232. Injury Experience. in Coal Mining, 1962. 
by Forrest T. Moyer, Nina L; Jones, Mary B. 
McNair, and Virginia C. Berte. 1964.· 82 pp. 3 
figs. Presents injury data and related employment 
statistics unde],' the following topics:' General in-
jury experience, selec'ted' injury experience, injury 
experience by States, major disasters, and historical 
coal-mine-fatality experience. 
IC 8233. Expanded Clay and Shale Lightweight 
Aggregate Industry in the South-Central United 
States, by W. G. Diamond, Thomas R. Early, and 
Harry F. Robertson. 1964. 50 pp. 10 figs. Studies 
production, transportation, and consumption pat-
terns and problems to . determine economic and 
technologiC factors affecting the development of 
the lightweight aggregate industry in the South-
Central United States. ' 
IC 8234. Technology and Use of Lignite. Proceed-
ings: Bureau of Mines-University of North Dakota 
Symposium, Grand Forks, N. Dak., April-May 
1963, by Wayne R. Kube and James L. Elder. 
1964. 128 pp. 50 figs. Gives the texts of the 
papers presented at the 1963 Lignite Symposium. 
Techni('al developments in lignite reseflrch were 
presented, and lignite resources and market trends 
were evaluated by representatives of Government 
and industry. 
IC8235. , A Review of Well Stimulation and Tech-
niques to Prevent Formation Damage in Oil and 
Gas Produrtion, by J. L. Eakin, J. S. Miller, and 
V. Vern Hutchison. 1964. 84 pp. Summarizes 
the works and opinions of experts on stimUlative 
work in petroleum and natural gas wells exclusive 
of the generally applied pressure-maintenance and 
secondary-recovery methods. Purpose of the re-
port is to review recent and available material on 
well-stimulation methods and techniques. Work 
done in cooperation with the Pipeline Research 
Committee, American Gas Association. 
10 8236. Reconnaissance of Iron Resources in 
Arizona, by C. M. Harrer. 1964. 204 pp. 58 figs. 
Gives results of reconnaissance investigations of 
129 iron occurrences in Arizona to determine their 
extent, attitude, and potential. Discusses the 
location, features, qualities, extent, and potential 
of iron occurrences and some associative resources 
-limestone and dolomite, coal, petroleum and 
natural gas, power, and water. The common iron 
minerals are magnetite and hematite. Higher grade 
deposits range from 30 to 60 percent iron content. 
Extensive low-grade deposits of great potential 
are present as taconite to semitaconite-like forma-
tions of magnetite-hematite. 
10 8237. Bureau of Mines Research and Tech-
nologic Work on Coal, 1963, by Bureau of Mines 
Staff. 1964. 128 pp. 48 figs. Twenty-eighth in 
a series, the report reviews work in progress in 
1963 and gives references to publications by Bureau 
personnel during the year. Certain work first 
reported here will be covered in greater detail in 
later publications. 
10 8238. An In Situ Combustion Project and Three 
Waterflood Projects in Allen, Anderson, and Wil-
son Counties, Kans., 1964, by Kenneth H. John-
ston. 1964. 30 pp. 16 figs. Describes an in situ 
combustion project and three waterflood projects 
in Allen, Anderson, and Wilson Counties. Among 
the unique features of the projects are (1) the 
movement of heavy crude oil through the reservoir 
and into the wellbore with energy furnishec;l by 
burning ,a portion of the crude oil therein and '(2) 
the simultaneous injection of C02 and water, 
throngh separate tubing into input wells during 
early development, to increase injectivity' at mod-
erate pressure. Work done under an agreement 
with the Division of Sanitation, Kansas State Board 
of Health. 
IC 8239. Analyses of Natural Gases of the United 
States, 1962, by Richard D. Miller and Geraldine 
P. Norrell. 1964. 121 pp. 1 fig. Contain routine: 
analyses and related source data for 350 gas sam-
ples from 19 States, collected during calendar 
year 1962 as part of the continuous survey for the 
occurren('e of helium in natural gas conducted, by 
the Bureau. This circnlar is the second of a new 
series and supplements the three bulletins on helium-
bearing gases of the United States: B 486, pub-
lished in 1951; B 576. published in 1958; and B 
617, published in' 1963. IC 8221 is the first in 
the new series. 60 cents. 
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IC 8240. Selected List of Bureau of Mines Pub-
lications on Petroleum and Natural Gas, 1910-62, 
by V. Vern Hutchison. 1964. 98 pp. Lists pub-
lications issued by the Bureau of Mines concerned 
with investigations on petroleum and natural gas. 
The items are chosen for their continuing interest 
and value. With subject and author index. Work 
done in cooperation with the State of Oklahoma. 
IC 8242. Summary Energy Balances For the United 
States:. Selected Years 1947-62, by Warren E. Mor-
rison. 1964. 32 pp.' 11 figs. Presents annual 
energy balances prepared for 8 selected years be-
tween 1947 and 1962, using official data available 
from the Bureau of Mines and other official sources. 
These balances, covering a recent historical period, 
should be useful for general analysis of the energy 
economy and for projecting or forecasting the 
country's future energy position. 
IC 8243. Iron and Steel Scrap in the Pacific North-
west, by Gary A. Kingston. 1964. 50 pp. 8 figs. 
Examines Pacific Northwest ferrous scrap-industry 
operations and points out factors influencing the 
supply and consumption of scrap materials, such 
as the complete dependence of steel ingot producers 
in these States on scrap as a metal raw material 
and the sizable quantity of scrap exported from 
Seattle and Portland to Japan. 35 cents. 
IC 8246. Methane-Oxidizing Bacteria. A Review 
of the Literature, by Melvin P .. Silverman. 1964. 
37 pp. 2 figs. Reviews the literature on methane-
oxidizing bacteria with emphasis on the utilization 
of these Qrganisms for the removal of methane 
from coal mines as well as other purposes. Dis-
cusses present practical applications and future 
research and possible applications. 
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Information Circulars 
IC 8247. Electronic Monitoring of Mine Fans, by 
John C. Hartley and C. D. McMaster. 1964. 18 
pp. 9 figs. Describes three systems that monitor 
ventilating fans. These electronic monitoring sys-
tems automatically perform most of the operations 
required to conform with the provisions of the Fed-
eral Mine Safety Code in the event of fan failure 
or slowdown. 
MINERAL INDUSTRY SURVEYS 20 
In 1960 the Bureau of Mines was publishing 
several series of processed reports: Periodic Re-
ports contained statistical and economic data on 
a number of important mineral commodities, in-
cluding some information on foreign petroleum, 
petroleum products, and coal. These reports 
were issued weekly, monthly, quarterly, or an-
nually. Mineral Market Reports (M~IR), is-
sued annually in a numbered series, contained 
information on the production, consumption, 
and markets for certain mineral commodities. 
This material was later published in permanent 
form in the Minerals Yearbook. Health and 
Safety Surveys (HSS) contained summary sta-
tistics, by States, for fatal and nonfatal inju-
ries and man-hours worked in the mineral in-
dustries. Petroleum Products Surveys (PPS), 
issued annually, presented informatIOn on the 
properties of burner fuel oils, diesel fuel oils, 
motor fuel oils, and aviation fuels produced 
during the previous year. Mineral Trade Notes, 
issued monthly, provided current data on for-
. eign mineral production and trade not other-
wise readily available. Mineral Trade Notes 
Supplements, issued at irregular intervals, 
treated the mineral industry of a specific coun-
try or a specific mineral commodity. 
In 1962 all periodic reports, Mineral Market 
Reports, Health and Safety Surveys, and Petro-
leum Products Surveys were combined into the 
Mineral Industry Series. Some fuel industry 
reports that had formerly been published as 
Information Circulars were also added to the 
series. Mineral Trade Notes and all other for-
eign mineral reports were combined into the 
Foreign Mineral Report series. 
The following list shows the Mineral Industry 
Surveys, including recent changes in the series: 
WEEKLY 
··Bituminous Coal and Lignite. 




Aluminum Scrap and Secondary Ingot. 
20 Mineral Industry Surveys, except District V Petroleum 
Demand Reports and District V Petroleum Statements, are 
obtainable from the Publications Distribution Section, Bureau 
of Mines, 4800 Forbes Avenue, Pittsburgh, Pa., 15213. Dis-
trict V P(ltroleum Demand Reports and District V P(ltroleum 
Statements are obtainable only from Area VI Mineral Re-
source Office, Burpau of Mines, 450 Golden Gate Avenue, San 
Francisco, Calif. 94102. 






Coal-Mine Injuries and Employment. 
Cobalt. 
Coke and Coal Chemicals. 
Copper. 
Copper Scrap Consumers. 
Copper Sulfate. 
District V Petroleum Demand. 
District V Petroleum Statement. 
Gold. 
Iron and Steel.2!l 














































2!l Discontinued with May 1964 issue. 
23 The quarterly report on high-purity sil1eon was discon-
tinued in 19'63. 
Asphalt Shipments. 





Brass Ingot Consumption. 
Bromine. 
Burner Fuel Oils. (Petroleum Products Survey 36.) 25 
Byproduct Sulfuric Acid. 
Cadmium. 
Calcium and Calcium Compounds. 
Carbon Black. 
Cement. 





Coke and Coal Chemicals. 
Coke Distributors. 
Coke Plant Injuries. (Formerly Health and Safety 
Survey.) 
Coke Producers. 
Columbium and Tantalum. 
Commodity Data Summaries. Preliminary data, in 




Copper Scrap Consumers. 
Crude Oil and Refined Products Pipeline Mileage 
in the United States. (Formerly issued as Infor-
mation Circulars. The last listing in this series 
was I C 7942.) 






Fuel Briquets and Packaged Fuel. 
Fuel Briquets and Packaged Fuel Producers. (For-
merly issued as Information Circulars. The last 
listing in this series was IC 8052.) 





Injuries at Iron-Blast-Furnace Plants. (Formerly 
Health and Safety Survey.) 
Injuries at Sand and Gravel Plants. (Formerly Health 
and Safety Survey.) 
Iodine. 
Iron and Steel. 
Iron and Steel Scrap. 
Iron-Blast-Furnace Slag. 
Iron Ore. 
Iron Oxide Pigments. 
Kyanite. 
~ These reports on the properties of aviation gasolines and 
aviation turbine fuels are done in cooperation with the 
American Petroleum Institute. Other aviation fuel surveys 
published in the last 5 years include PPS 14 (1960) PPS 
19 (1961), PPS 24 (1~62), and PPS 29 (1963). ' 
25 These reports on the properties of burner fuel oils pro-
duced in the United States are done in cooperation with the 
American Petroleum Institute. Burner fuel oil surveys pub-
lished in the last 5 years include PPS 16 (1960) PPS 21 
(1961). PPS 26 (1962), and PPS 31 (1963) , 
26 These reports on the properties of diesel fuel oils' pro-
duced in the United States are done in cooperation with 
the American Petroleum Institute. Diesel fuel oil survey,s 
published in the last 5 years include PPS 13 (1960) PPS 
18 (1961), PPS (1962), and PPS 28 (1963). ' 
Periodic Reports 
Lead and Zinc Pigments and Zinc Salts. 







Motor Gasolines, Summer (Petroleum Products Sur-
vey 37.) 21 
Motor Gasolines, Winter (Petroleum Products Sur-
vey 35.)28 
Natural Gas. 
Natural ,Gas Processing Plants in the United States. 
(Formerly issued as Information Circulars. The 
last listing in this series was IC 8006.) 
Nickel. 
Oil and Gas Injuries. (Formerly Health and Safety 
Survey.) 
Peat Producers. (Formerly issued as Information 
Circulars. The last listing in this series was 
IC 8041.) 
Pennsylvania Anthracite. 
Pennsylvania Anthracite Fatalities. (Formerly 
Health and Safety Survey.) 
Perlite. 
Petroleum Refineries in the United States. (Formerly 
issued as Information Circulars. The last list-





Quartz Crystal, Electronic-Grade. 
Rhenium. 
Roof-Fall Fatalities. (Formerly Health and Safety 
Survey.) 
Safety Competition, National Crushed Stone Associa-
tion. Oformerly Health and Safety Survey.) 
Safety Competition, National Lime Institute. (For' 
merly Health and Safety Survey.) 
Safety Competition, National Sand and Gravel. (For-
merly Health and Safety Survey.) 
Safety Competition, National Slag Association. (For-
merly Health and Safety Survey.) 
Safety in Mineral Industries. (Formerly Health and 
Safety Survey.) 
Salt. 

















Zirconium and Hafnium. 
27 Analytical data on the properties of mator fuels sold 
through service stations in the U.nited States. ,Work done 
in cooperation with the AmerlCan Petrolf'um Institute. 
Snmmer gasoline surveys published since 1960 include. PPS 
12 (1960), PPS 17 (1960), PPS 22 (1962), PPS 27 (1963), 
and PPS 33 (1964). 
28 Analytical data on the propertIes of motor fuels 
sold through service stations in the United States. Work 
done in cooperation with the American Petroleum Institute. 
Winter gasoline surveys published since 1960 Include PPS 
15 (1960), PPS 20 (1961), PPS 25 (1962), and PPS 30 
(1963). 
FOREIGN MINERAL REPORTS 29 
Foreign mineral reports are issued to assist 
domestic producers and consumers of mineral 
commodities to keep abreast of developments in 
the mineral industries and markets abrornl and 
provide a brief summary of significant informa-
tion from U.S. Foreign Service offices and other 
sources, which may otherwise not be made avail-
able to the general public. Recent changes in 
this series are noted beside each entry. 
International Coal Trade. Issued monthly; sum-
marizes the latest salient statistical and economic 
data on worluwide coal trade. 
International Petroleum Quarterly.so (Replaces In-
ternational Petroleum '.rrade, World Petroleum 
Statisti<..'s, Ilnd 'Vorld Retail Prices and Taxes on 
Gasoline, Kerosine, and Motor Lubricants.) Pro-
vides da ta for nearly all countries outside the 
Soviet IJl-oc on production, imports, and exports, 
showing countries of origin and destination; re-
finery rnns of crude oil; calculn ted demand for 
llD Obtainable from Publlcations Distribution· Section, Bu-
reau of Mines, 4800 Forbes A venue, Pittsburgh, Pa. 15213. 
80 Date of first issue, July 1964. 
major refi:qed products; and world retail prices and 
taxes for refined petroleum products. 
International Petroleum Trade. Monthly. (Replaced 
by Inte1'llati-onal Petroleum Quarterly, July 1964.) 
Mineral Trade Notes. Issued monthly; provides 
selected news note and brief economic infol'rnntion 
on a variety of mineral commodities (except fuels) 
thronghout the world. 
Mineral Trade Notes Supplements. Special numbered 
supplements to Mineral Trade Notes, puulished at ir-
r€'gular intervals, relate to minerals in a specific 
country or to a specific mineral commodity. (Pub-
Ii eft ti on was suspended in 1060.) 
MTN 08. The Foreign l\1in€'ral Trade of the U.S.S.R. 
in 10ri8, by Alexander Galmer. 1060. 36 pp. 
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MTN 59. Rich Mineral Resources Spur Communist 
China's Bid for Industrial Power, by K. P. Wang. 
1060. 35 pp. 11 figs. . . 
MTN 60. The FOl'eign Mineral Trane of the U.S.~.R. 
in 1959, by Alexander Gakner. 1960. 36 pp. 
World Petroleum Statistics. Quarterly. (Replaced 
by International Petroleum Quarterly, July 1964.) 
World Retail Prices and Taxes on Gasoline, Kerosine, 
and Motor Lubricating Oils. Anllual. (Relliaced 
by International Petroleum Quarterly, July 1964.) 
OPEN-FILE REPORTS 
These are reports that have not been published 
because the research they report is of limited 
interest, has been reported elsewhere, or is too 
voluminous to be published in a convenient form. 
However, the Bureau of ~Iines has made these 
reports available as reference material at certain 
libraries and Bureau offices, as specified for each 
report in the listing that follows: 
OFR 1. Berryhill, Robert V. Reconnaissance Sam-
pling of Beach and River-Mouth Deposits, Norton 
Bay and Kotzebue Sound, Seward Peninsula, Alas-
ka. 1962. Gives information on the location, 
accessibility, physical features, climate, and geol-
ogy of the region and notes that only trace quan-
titiesof heavy minerals were found in samples 
analyzed by the Bureau. Available at the Depart-
ment of the Interior Library, Washington, D.C., 
and at the Bureau of Mines offices in Juneau· and 
Anchorage, Alaska, and at Albany, Oreg. 
OFR 2. Bloom, Philip A. Percolation Leaching of 
Oxidized Copper Ores· from the Mineral Hills De-
posit, Yuma County, Ariz. 1961. Describes Bureau 
of Mines Tucson Metallurgy Research Laboratory 
tests which indicate tha t copper ore from the 
Mineral Hill depOSits in Yuma County, Ariz., can 
be leached effectively with dilute sulfuric acid. 
Available at the Tucson Metallurgy Research Lab-
oratory, Tucson, Ariz., the Salt Lake City Metal-
lurgy Research Center, Salt Lake City, Utah; and 
the Department of the Interior Library, Washing-
ton, D.C. 
OFR 3. Branner, George C., and Jolin W. Padan. 
High-Temper.ature Alloy Scrap in California and 
Nevada. 1962. Describes the high-temperature al-
loy scrap metal industry of California and Nevada, 
including information on the origin, collection, 
movement, and consumption of the scrap .. Avail-
able at the Department of the Interior Library, 
Washington, D.C., and at the Bureau of Mines 
office in San Francisco, Calif. 
OFR 4. Bureau of Mines. Bush A-6 Test Well. 
1961. Gives details regarding a well drilled for 
the Bureau of Mines in the Cliffside field of Texas. 
Includes electrical and radiation logs and analyses 
of core samples and cuttings. Available at the 
office of the General Managel', Helium Operations, 
Bureau of Mines, Amarillo, Tex. 
OFR 5. -. --. Composition and Characteristics of 
Lignite Ash. 1964. Describes lignite and lignite 
ash from eight North Dakota and Montana mines. 
Includes proximate and ultimate analyses of the 
ligni te samples, their heating values, and fusion 
temperatures and chemical analyses of the ash. 
Also gives composition of ash taken from various 
locations within lignite-fired ooilers at the Minot 
Air Force Base and the Heskett Power Station in 
North Dakota. Available at Deval'tment of the 
Interior Library, Washington, D.O., Grand Forks 
Lignite Research Laboratory, Grand Forks, N. Dak., 
and the libl'ary of the Pittsburgh Coal Research 
Center, Pittsourh, Pa. 
OFR 6. Bureau of Mines. Information on the Cost 
and Operation of the Bureau of Mines Excell and 
Keyes Helium Plants. 1960, Gives costs of build-
ing and operating the Bureau of Mines' two largest 
helium plants at Exell, Tex., and Keyes, Okla. The 
report is designed to aid possible private producers 
in estimating costs of constructing new plants to 
process helium-bearing natural gases. Available 
at the Bureau's Amarillo, Tex., helium plant; in 
the office of the General Manager, Helium Opera-
tions, Bureau of Mines, Amarillo; and in the office 
of the Assistant Director-Helium, Washington, 
D.C. . 
OFR 7. ---. Logs on Gas and Water Wells. 
1960. Includes well logs used to guide Bureau of 
Mines operations in the Cliffside, Tex., and Rat-
tlesnake, N. Mex., gasfields, and el~ctrical logs of 
one test water well and four wells that· supply 
water for the Bureau's new helium plant at Keyes, 
Okla. Available at the Office of the Assistant 
Director - Helium, Bureau of Mines, Washington, 
D.C., and at the office of the General Manager, 
Helium Operations, Bureau of Mines, Amarillo, 
Tex~ . . 
OFR S. Logs on Three Wells Drilled in 
·Cliffside Gasfield, Amarillo, Tex.. 1963. Gives elec-
trical and radiation well logs, ~ore· analysis re-
ports, and test data for' three wells - Bivins 
A-SR, Bush A-7, and Bush A-~in Cliffside Gas-
field near Amarillo, Tex. Available at the Office 
of the Assistant Director - Helium, Bureau of 
Mines, Washington, D.C.,. and at the Office of. the 
General Manager, Helium Operations, Bureau of 
Mines, Amarillo, Tex.· , 
OFR 9. ---. The Most Hydrogenation Works 
in Czechoslovakia. 1960.· Describes operation both 
before and after World War II of the coal hydro-
genation plant. at Most, Czechoslovakia, which was 
moOified after the wnr to use tal'S as raw ma-
terials. The information was obtained by the 
Bureau as part of research on low-temperature 
coal tars. Available at the Department of the 
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. Interior Library, Washington, D.C., and at the 
Bureau of Mines libraries in Pittsburgh, Pa., 
Morgantown, W. Va., Grand 'Forks, N.D., Denver, 
Colo., and Minneapolis, Minn. 
OFl{ 10. ---. Nickel Content of Individual Sam-
ples Included in Composition of Enriched Zone 
Material. 1960. Gives tables of percentages of 
nickel in deposits in Puerto Rico as a supplement 
to RI 5532, Nickel-Cobalt-Iron-Bearing Deposits 
in Puerto Rico. Available in the Department of 
the Interior Library, Washington, D.C., and at 
the Bureau of Mines in Bartlesville, Okla. 
OFR 11. Properties of Some Australian, 
Japanese, and Soviet Coals. 11)64. Describes tests 
on samples of coals from Japan, Australia, and the 
Soviet Union, giving information on proximate and 
ultimate analyses, calorific values, chlorine and 
phosphorons contents, forms of sulfur, and free-
swelling and Hardgrove grindability indexes. A vail-
able at the Department of the Interior Library, 
Washington, D.C., and at the Bureau of Mines 
Research Center Library,. Pittsburgh, Pa. 
Open-File Reports 
OFR 12. Bureau of Mines. Report of the Seismic 
Survey of Cliffside Gasfield. 1961. Interprets re-
sults of a survey of the extensi ve Cliffside natural 
gas field in northern Texas and includes copies of 
all related .seismic records of the field. Available 
at the office of the General Manager, Helium Opera-
tions, Bureau of Mines, Amarillo, Tex. 
OFR 13. ---. Reports on Helium-Bearing Natu-
ral Gases. 1960. Describe phase-equilibrium char-
acteristics of nine helium-bearing natural gases 
from various fields in the United States. One re-
port provides complete information about a typical 
low helium-content gas (0.4 percent) and the other 
describes eight gases with helium contents ranging 
from 0.75 to 7.80 percent. Available at the office 
of the Assistant Director-Helium, Bureau of 
Mines, Washington, D.C., and at the Helium Oper-
ations Office, Bureau of Mines, Amarillo, Tex. 
OFR 14. ---. Selected Bibliography of Foreign 
Research on Brown Coal and Lignite, 1950-1960. 
1962. Presents nearly 400 bibliographical items 
indicating the scope and direction of research on 
brown coal, lignite, and their products in many 
foreign countries. A vailable at the Department of 
the Interior Library, Washington, D.C., the Bu-
reau of Mines Library, Denver, Colo.; Grand 
Forks Lignite Research Laboratory, Grand Forks, 
N. Dak.; and the Pittsburgh Coal Research 
Center, Pittsburgh, Pa. 
OFR 15. --. Tocito No.1 Well. 1961. Gives 
drilling reports, geologic and engineering informa-
tion, electric logs, well-testing reports, and facts 
about the plugging and abandonment of Tocito No. 
1 well in San Juan County, N. Mex. Avail-
able at the office of the General Manager, Helium 
Operations, Bureau of Mines, Amarillo, Tex. 
OFR 16. Calhoun, W. A., and T. E. Hill, Jr. Ex-
traction of Alumina from Submarginal High-Silica 
Arkansas Bauxite Ores. 1963. Supplements RI 
5042, "Investigation of Low-Grade Bauxites as 
Potential Sources of Alumina," which described 
attempts to recover raw material for aluminum 
production from Arkansas ores containing high 
percentages of silica. Available at the Department 
of the Interior Library, Washington, D.C., and at 
the Rolla Metallurgy Research Center, Rolla, Mo. 
OFR 17. Chindgren, C. J., and L. C. Bauerle. 
Open-Vessel Reduction of Vanadium Pentoxide and 
Refining of Aluminothermic Metal as Methods for 
Preparing Ductile Vanadium.' 1963. Discusses 
Bureau of Mines research on reducing vanadium 
pentoxide in an open vessel to obtain durtile va-
nadium metal. Available at the Department of the 
Interior Library, Washington, D.C., and at the 
Salt Lake City Metallurgy Research Center, Salt 
Lake City, Utah. 
OFR 18. Cooper, Franldin D., and Kung-Lee Wang. 
Process Analysis of the U.S. Coal Industry in 1958. 
1964. Gives the known or developed costs of oper-
ating supplies and maintenance and repair ma te-
rials used by the U.S. coal mining industry in 1958. 
Report may be seen at the Pittsburgh Research 
Center, Pittsburgh, Pa., and the Central Li-
brary, Department of the Interior, Washington, 
D.C. 
OFR 19. Engel, A. L. Experiments to Recover 
Lithium and Borax from California Borax Tailing. 
1960. Describes laboratory-scale experiments in 
recovering lithium and borax from tailings of a 
Kern County, Calif., borax mine. Available at 
the Department of the Interior Library and in 
the Bureau of Mines' Division of Minerals both in 
Washington, D.C.; at the Bureau's Region 'II head-
quarters, Sun Francisco, Calif.: and at the Reno 
Metallurgy Research Center, Reno, Nev. 
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OFR 20. Gilkey, M. M. Titanium-Bearing Depos-
its in Five "Western States. 1962. Gives descrip-
tions of more than a hundred significant occur-
rences of titanium minerals in Arizona, Colorado, 
New Mexico, Wyoming, and Utah. Available at 
the Department of the Interior Library, Washing-
ton, D.C.; Salt Lake City Metallurgy Research 
Center, Salt Lake City, Utah; and the Bureau of 
Mines Lib~ary , Denver, Colo. 
OFR 21. Herickes, J. A., and J. Ribovich. Stability 
of Nitroparaffins. 1960. Discusses Bureau of Mines 
research which included a comprehensive study of 
the sensitivity characteristics of nitromethane, a 
nitroparaffin that has received considerable atten-
tion as a commercial solvent. Available at the 
Department of the Interior Library, Washington, 
D.C., and the Bureau of Mines office, Pittsburgh, 
Pa. 
OFR 22. Hess, H. D., and Harold W. Lynde, Jr. 
Preliminary Studies on Photoelastic Stress Analy-
sis of Rocks. 1962. Describes a Bureau of Mines 
study of the feasibility of a method of stress analy-
sis in which a photoelastic is strongly bonded to 
rock specimens, then observed by polarized light 
as specimens are subjected to controlled compres-
sion. Available at the Department of the Interior 
Library, Washington, D. C., and at the Bureau of 
Mines offices in Albany, Oreg., Spokane, Wash., and 
Minneapolis, Minn. 
OFR 23. Hickman, R. C. Jet Drilling a Florida 
Dune Deposit. 1964. Gives results· of jet drilling 
a Florida dUne deposit and of sink-float analyses 
of the sand from each hole. Visual inspection of 
the heavy-mineral sink products showed the pres-
ence of garnet, ilmenite, leucoxene, staurolite, ru-
tile, and zircon, but the deposit was low grade. 
Available at the Department of the Interior Li-
brary, Washington, D.C., the library of the Florida 
Geological Survey, Tallahassee, Fla., and the Area 
II Mineral Resource Office, Knoxville, Tenn. 
OFR 24. Illsley, E. R. Carpenter, and .H. Kato, 
Thermoelectric Measurements on Natural and Arti-
ficial Bornite and Related Compounds. 1961. De-
scribes research leading to the conclusion that syn-
thetic bornite and bornite-type materials of the 
highest purity now obtainable show no advantageA 
over the natural crystalline compound of copper. 
iron, and sulfur for thermoelectric and semicon-
ductor applications. Available in the Department 
of the Interior Library, Washington, D.C., and 
at the Bureau of Mines office in Albany, Oreg. 
OFR 25. Knudsen, H., and D. E. Couch. Con-
struction Details of 4- and 8-inch Diameter Inert 
Atmosphere Molten Salt Electrolysis Cells. 1964. 
Gives construction details of inert-atmosphere 
molten-salt electrolysis cells 4- and 8-inch diam-
eters. Cells are light in weight, have interchange-
able parts, and meet such requirements as high 
vacuum, sublimation control, and efficiency in heat-
ing. Detail drawings of various units and parts 
are shown. Available at the Department of the 
Interior Library, Washington, D.C., and the Reno 
Metallurgy Research Center, Reno, Nev. 
OFR 26. Konselman. A. S. Report on the Energy 
Situation and Relation of Fuels to Hydroelectric 
Power in the Rocky Mountain Area (Region III). 
1962. Analyzes present and future energy require-
ments in Arizona, Colorado, North and South Da-
kota, Nebraska, New Mexico, Utah, and Wyoming. 
Also lists existing powerplant installations, indi-
cates possible future sources of electrical energy, 
describes existing and projected water requiremnts, 
and gives sources and costs of electrical enE:'rgy 
now generated in the states. Available at the De-
partment of the Interior Library, Washington, 
D.C.; at the Bureau of Mines offices in Denver, 
Colo., Tucson, Ariz., Laramie, Wyo., Salt Lake City, 
Utah, Socorro, N. M., San Francisco, Calif., and 
Albany, Oreg.; and at the Denver Coal Research 
Laboratory, Denver, Colo. 
OFR 27. Leary, R. J., and E. J. Ostrowski. Pneu-
matic Lance Injection of Solid Recarburizers for 
Recarburizing Open-Hearth Metals. 1963. Avail-
able at the Department of the Interior Library, 
Washington, D.C., and at the Minneapolis Metal-
lurgy Research Center, Minneapolis, Minn. 
OFR 28. Lee, F. W., Guy E. Dent, and Hugo E. 
Kuehn. Geophysical Investigation Relating to Tin 
Deposits in Coosa County, Ala. 1961. This report 
was written in the early 1940's on geophysical 
prospecting of tin-bearing deposits in Coosa County, 
Alabama. The studies showed that electrical re-
sistivity methods can be used successfully to indi-
cate the location of tin-bearing dikes where cov-
ered by soil or detrital material. Available at the 
Department of the Interior Library, Washington, 
D.C., and at the Tuscaloosa Metallurgy Research 
Center, Tuscaloosa, Ala. 
OFR 29. Magill, Elwin A.,and J. C. Schlagel. Cop-
per Deposits in the Silver Creek Mining District, 
Snohomish County, Washington. 1962. Provides 
information helpful to prospectors or mining com-
panies interested in the area as a. source of either 
copper or zinc. Available at the Department of the 
Interior Library, Washington, D.C.; at the Bureau 
of Mines offices in Seattle and Spokane, Wash.; and 
Albany, Oreg.; and at the office of the Washington 
State Division of Mines and Geology, Olympia, Wash. 
OFR 30. McDermid, A. J. Secondary Base Metals 
Processing Technology. 1962. Describes methods 
used in the scrap industry and by other metal 
processors in the United States to recover copper, 
lead, and zinc from scrap metal. Available at the 
Department of the Interior Library, Washington, 
D.C. 
OFR 31. Myers, James W. Control of Fires in 
Coal-Mine Refuse Piles. 1960. Describes methods 
devised by the Bureau of Mines for controlling 
fires in bituminous coal refuse piles. Covers stUd-
ies which demonstrated the effectiveness of appli-
cations of layers of fine-coal wastes to inhibit the 
flow of air through heaps of refuse. Available at 
the Department of the. Interior Library, Washing-
ton, D.C., and at the Pittsburgh Coal Research 
Center, Pittsburgh, Pa. . 
OFR 32. Our hi, Koji. Magnetochemical Studies of 
Coals and Their Related Substances (Part 2)-
On Carbonization and Graphitization. 1960. This 
English translation of a Japanese coal-research 
report, originally published as No. 31 of the Re-
sources Research Institute of Japan, discusses 
structural changes of coal and related substances 
during cnrbonization and graphitization. Available 
at the Department of Interior Library, Washing-
ton, D.C.; and the Bureau of Mines Libraries in 
Denver, Colo., and Pittsburgh, Pa. 
OFR 33. Padan, John W. Bucket-Drilling the 
Cooperstown Extension of the lone Clay Deposits, 
Stanislaus County, Calif. 1964. Gives results of 
a preliminary mineral investigation of clays in 
the Cooperstown area in cooperation with the Cali-
fornia Division of Mines and Geology. Tests show 
good potential for commercial use. An unusual 
featUre of the investigation was the use of what 
is known as a "bucket" drill in obtaining samples. 
The Bureau's experience proves that this type of 
equipment excels in recovering fairly undisturbed 
samples of unconsolidated materials from depths 
as great as 200 feet. Available at the Department 
of the Interior Library, Washington, D.C., Area IV 
Mineral Resource Office, San Francis(!o, Calif., and 
Open-File Reports 
the California Division of Mines and Geology, San 
Francisco and Los Angeles, Calif. 
OFR 34. Padan, John vV. Investigation of the In-
dian Diggings Limestone Deposit. El Dorado 
County, Calif. 1964. Diamond drilling of the 
Indian Diggings limestone deposit in El Dorado 
County, undertaken jointly by the Bureau of Mines 
and the California Division of Mines and Geology, 
disclosed a substantial deposit of uniform high: 
quality limestone suitable for· most industrial ap-
plications. Report may be seen at the Bureau's 
Area VI Mineral Resource Office, San Francisco, 
Calif.; the California Division of Mines and Ge-
olo'gy offices at San Francisco, Los Angeles, Sacra-
mento, and Redding, Calif.; and the Department 
of the Interior Library, 'Washington, D.C. 
OFR 35. Perry, R. E., B. H. Clemmons, H. P. 
Levan, and J. P. Gayle. Desulfurization of San 
Pedro and Palacio Mexican Iron Ores. 1961. De-
scribes results achieved by the Bureau of Mines 
in de sulfurizing iron ore from two mines near 
Tatatila, Vera Cruz, Mexico. Available at the De-
partment of the Interior Library, Washington, 
D.C., and at the Tuscaloosa Research Center of the 
Bureau of Mines, UniverSity, Ala. 
OFR 36. Shaw, Van E., and Roderick A. Falk. 
Conversion of Depleted Uranium Hexafluoride 
to Uranium Trioxide. 1961. Describes laboratory 
studies by the Bureau of Mines in converting haz-
ardous depleted uranium hexafluoride to a rela-
tively safe uranium trioxide which then provides 
a convenient starting material in preparing other 
uranium compounds. Available at the Department 
of the Interior Library, Washington, D.C., and at 
the Bureau of Mines offices in Reno, Nev., and San 
Francisco, Calif. 
OFR 37. Sullivan, P. M. Method for Separating 
Insulation from Scrap Aluminum and Copper Wire. 
1963. Describes a new method for reclaiming 
scrap metal from small-diameter insulated wire. 
The insulation is removed in a hammer mill and 
a spiral separator is used to sort the two materials. 
Available at the Department of the Interior Li-
brary, Washington, D.C., and at the College Park 
Research Center, College Park, Md. 
OFR 38. Tame, K. E. Radioactive Waste Dis-
posal in Acid Leach Column-Ion Exchange Milling 
Flowsheets. 1964. Recycling of barren solutions 
to the leaching and washing circuits in two ura-
nium mills resulted in an SO-percent reduction in 
the discard of solubilized uranium 226. Available 
at the Department of the Interior Library, Wash-
ington, D.C., and the Salt Lake City Metallurgy 
Research Center, Salt Lake City, Utah. 
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OFR 39. Thomas, Bruce I. Galena-Bearing Gos-
sans, Beaver Creek, Ruby District, Yukon Region, 
West-Central Alaska. 1964. Discusses the history 
and geography of the area, with a detailed de-
scription of the size, shape, and concentration of 
varions metals in the deposit. Availnble at the 
Department of the Interior Library, Washington, 
D.C., and the Bureau of Mines offices in Juneau 
and Fairbanks, Alaska. 
OFR 40. Thomas, C., G. Asai, and H. Kato. Ef-
fect of Rare-Earth Metal Additions on the Proper-
ties of Tungsten. 1964. Gives results of Bureau 
of Mines studies to determine the effects of adding 
rare-earth metals to tungsten by arc-melting. Avail-
able at the Department of the Interior Library, 
Washington, D.C., and at the Albany Metallurgy 
Research Center, Albany, Oreg. 
OFR 41. Vaughn, G. E., Jr., J. Wade Watkins, 
Bruce G. Bray, and H. F. Coffer. Geological and 
Engineering Data for the Circle Ridge Oil Field, 
Fremont County, Wyo. 1964. Presents data on 
Open-File Reports 
geology, reservoir rock, reservoir fluid, and produc-
tion history, as well as some special tests involv-
ing irradiation and oxidation of the crude oil and 
fusibility of the reservoir rock. Available at the 
Department of the Interior Library, Washington, 
D.C., Laramie Petroleum Research Center, Laramie, 
Wyo., Morgantown Petroleum Research Laboratory, 
Morgantown, W. Va., and San Francisco Petroleum 
Research Laboratory, San Francisco, Calif. 
OFR 42. Warfield, Robert S. Examination of Coal 
Deposits, Sitkinak Island, Alaska. 1963. Describes 
a 1962 Bureau of Mines investigation of coal depos-
its on Sitkinak Island, Alaska. Available at the 
Department of the Interior Library, Washington, 
D.C. at the Bureau of Mines offices in Anchorage 
and Juneau, Alaska, and Albany, Oreg., and at 
the Seattle Coal Research Laboratory, Seattle, 
Wash. 
OFR 43. Warfield, Robert S. Investigations of Sub-
bituminous Coal Deposits in the Beluga River Coal-
field, A.laska. 1961. Gives results of exploratory 
drilling by the Bureau of Mines in Alaska's Beluga 
River area. Available in the office of the Director 
of. Coal Research, Bureau of Mines, Washington, 
D.C., and at the Bureau of Mines offices in Anchor-
age and Juneau, Alaska, Seattle, Wash., and Albany, 
Oreg. 
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ARTICLES IN OUTSIDE PUBLICATIONS 
Articles describing results of the Bureau's 
research and investigations are published in sci-
entific and teclmical and trade journals, conven-
tion proceedings, books, a~d o~her outsi~e 
publications. In the followlng lIst, the POSI-
tion of each article is determined by the alpha-
betical sequence listing of the senior author. 
Duplicates of many journal. art!cles can. be 
obtained from the PhotoduphcatlOn ServICe, 
Library of Congress, W ashington, ~.C.,. 20540, 
by paying the usual photostat or duphcatmg fee. 
OP 1. Abernethy, R. F., and Theodore Christos. 
Solid and Gaseous Fuels. Anal. Chern., Anal. Rev., 
v. 35, No.5, April 1963, pp. 78R-88R. Consists of 
a technical literature survey on methods of analy-
sis of solid and gaseous fuels for the 2-year period 
September 1960 through September 1962. 
OP 2. Ackerman, lVI. J., and J. J. Wallace. Costs 
of Mining Under Bolted Roof and Timbered Roof 
in Bituminous Coal Mines. Min. Equipment, v. 12, 
November 1961, pp. 15-16. Results of studies made 
at 14 mines in Pennsylvania, eastern Ohio, and 
West Virginia indicated that productivity increased 
and costs decreased in bolted sections. Total sa v-
ings included lower maintenance in Cleaning falls, 
elimination of retinibering, reduction in the amount 
of rejects at the preparation plant, or a reduction 
in the labor force. Under bolted roof, especially 
in thin coalbeds, high-productivity equipment can 
be maneuvered more efficiEmtly. 
OP . 3. Allsman, Paul T. Analysis of Explosive 
Action in Breaking Rock. Trans. AIME, Mining, 
v. 217 1960, pp. '468-478. Engineering of blast 
design~-as for green-pitting or blanket blasting-
will contribute significantly to lower breaking and 
related costs by improving fragmentation, control 
of throw, and choice and placement of the ex-
plosive. 
OP 4. ---. Conservation in Metal Mining. 
Colorado Sch. Mines Quart., v. 57, No.4, October 
1962, pp. 87-95. Discusses technology anel costs 
with respect to the problems of conservation. The 
necessity for continued improvement in the use of 
manpower, materials, energy, and equipment calls 
for a greater investment of effort and money in 
scientific and technologic research on mineral re-
sources, mining, and metallurgy. , 
OP 5. ---. Mining: Metals and Minerals. Bri-
tannica Book of the Year. Encyrlopaedia Britan-
nica. Inc., Chicago, 1964. pp. 569-571. Summarizes 
mineral production and mining technology and 
research in the United States and Canada in 1963. 
OP 6. ---. Status of Mining. Britannica Book 
of the Year. Encyclopaedia Britannica. Inc., Chi-
cago, Hl63. p. 559. Summarizes productivity, min-
ingmethods, and research in the mining industry 
in the United States in 1962. 
OP 7. ---. U.S. Bureau of Mines Completes 
Organization for Mining Research. Min. Eng., v. 
12, No.7, July 1960, pp. 675, 675A. Lists the eight 
research stations established by the Bureau of 
Mines to reemphasize mining research as an im-
portant Bureau function. Explains objectives and 
programs of' each station. 
OP 8. Allsman, Paul T., and Justin B.' Gowen. 
Neuzeitliche Entwicklung im amerikanischen Berg-
bau [Recent Developments in American Mining]. 
Proc. Special Min. Cong~, Sept. 12-18, 1962, Leoben, 
Austria, pp. 453-464. Summarizes recellt progress 
in greater safety, better and simpler methods, cost 
savings, annual production increases of, 8, to 14 
percent, and increases in mechanization. Chal-
lenges to the industry, such as the necessity of delv-
ing deeper for poorer resources, are also indicated. 
OP 9. Ampian, Sarkis G. Preferential Stain of 
Beryl. Abs. in Am. MineraL, v. 45, Nos. 11 and 12, 
1960. 
OP 10. Anderson, C. C. Petroleum and Natural 
Gas in the Caribbean Area. The Caribbean: Natu-
ral Resources Univ. of Florida Press, Gainesville, 
Fla., sere 1, ~. 9, 1959, pp. 96-119. Gives data on 
the proved reserves, production of crude oil, re-
fining capacity, and exports from this area, which 
produced 18.2 percent of the world's crude oil in 
1957. The area has substantial reserves of natu-
ral gas and produced nearly 1.5 billion cubic feet 
in 1957. Reviews prospecting licenses and con-
cessions in the area. 
OP 11. ---. Petroleum and Natural Gas in the 
United States-Relations of Economic and Techno-
logiC Trends. Proc. World Power Conf., 12th Sect. 
Meeting, Montreal, Canada, 1958, Gen. Repts. and 
Pap~rs, V. 3, pp. 1127-1145. Gives data on produc-
tion, technology, and consumption of petroleum in 
the United States between U)48 and 1955. Demand 
for petroleum products increased 46 percent and 
consumption of natural gas rose 83 perrent in these 
8 years. Operating costs rose, but unit operating 
costs were reduced somewhat by using automation, 
applying other technologic improvements, and op-
erating more efficiently. Daily refinery' crude-oil 
charging capacity increased 34 percent, and crack-
ing capacity 62 percent. 
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OP 12. ---. Underground, Nuclear Explosions: 
Awesome Recovery Promise. Petroleum Eng., 
Management ed., v. 31, No.9, August 1959. pp. 
B-28 to B-31. Discusses possible use of nurlear 
explosives in the produC'tion of petroleum and in 
recovering oil from shale. Describes resn1ts of 
using un"derground nuclear explosives. Gives a 
cost estimate for producing shale oil in a hypo-
thetical ease, using a 300-kiloton nudear devire. 
OP 13. ---. Utilization of NllC'lear Explosives 
in Oil-Shnle and Petr.olenm DepoRit~. Minnte~ of 
108th Meeting, Missouri BaRin Inter-Agenry Com-
mittee, Helena, Mont., Aug. 13, 1!')5fl, Appem1ix "D" 
pp. 1-12. Eeviews experiments with underground 
nuclear explm:;ions and disru~ReA PORRible apl)lira-
tion of nuclear reartions in recovery of oil from 
oil shale and petroleum deposits. Presents data 
for an experiment in on shale, including prelimi-
nary rORt fignres for the experiment and "order 
of magnitude" costs that might be expected in a 
large commerrial operation of this type. 
OP 14. Anderson, C. C., and T. W. Hunter. Meth-
ods for Evaluating Sources and Requirements for 
Articles Published 
Solid and Liquid Fuels in the United States. World 
Power Oonf., Sec. Meeting, Madrid, Spain, June 
5-9, 1960, v. 1, PP. 117-133. Explains the classi-
fication of coal as to quality and the techniques 
employed in estimating reserves of solid and liquid 
fuels. Describes methods used to estimate produc-
tive capacity and those employed to forecast the 
long-range requirements for total energy and the 
role solid and liquid fuels may have in future 
domestic markets. 
OP 15. Anderson, Floyd G. A Technique for Oount-
ing and Sizing Dust Samples With a Micropro-
jector. Am. Ind. Hyg. Assoc.J., v. 23, No.4, July-
August 1962, pp. 330-336. Describes use of a micro-
projector for counting and Sizing airborne dust. 
Particle-size determinations are conveniently made 
at 10,000X. Advantages are greater speed and ease 
of counting, making possible sustained accuracy 
over a full workday. 
OP 16. Anderson, R. B. Pore Distributions from 
Desorption Isotherms. J. Oatalysis, v. 3, No.1, 
February 1964,. pp. 50-56. Describes an improved 
method for computing a pore distribution curve 
from the nitrogen desorption isotherm at -195° 
o based on the basic assumptions of Barret, J oy-
ner, and Halenda and Wheeler. Satisfactory agree-
ment was obtained between surface areas com-
puted by the present method and the BET equation. 
OP 17. ---. Review of "On Physical Adsorp-
tion," by Sydney Ross and James P. Olivier. Sci-
ence, v. 146, No. 3650, Dec. 11, 1964, p. 1454. 
OP 18. ---. A Theorem Regarding the Poisoning 
of Fixed Oatalyst Beds. J. Oatalysis, v. 1, No.4, 
August 1962, pp. 393-394. For poisoning of a fixed 
bed of catalyst by a component of the feed, if the 
distribution of poison in the catalyst as a function 
of bed length follows the same type of equation as 
poisoning proceeds, the relative activity of the 
catalyst will decrease linearly with average poison 
concentration of the catalyst as long as the con-
centration in the catalyst at the outlet of the bed 
~zm~ . 
OP 19. ---. Graphical Differentiation in Am-
monia Synthesis Kinetics. Ind. and Eng. Ohem., 
v. 52, No.1, January 1960, pp. 89-91. Examines 
a simple method of graphical differentiation. Uses 
published data for the ammonia synthesis on iron 
catalysts. 
OP 20. Anderson, R. B. and L. J. E. Hofer. Stud-
ies of the Fischer-Tropsch Synthesis: Application 
of Wheeler Equation to Synthesis Data. J. Ohern. 
and Eng. Data, v. 5, No.4, October 1960, pp. 
511-513. Equations of Wheeler are applied to 
data on Fischer-Tropsch Synthesis. Diffusivities 
calculated from this equation are about the same 
as diffusivities of H2 and 00 in liquid hydrocar-
bons, confirming the observation that pores of 
catalyst are filled with oil during synthesis. 
OP 21. Anderson, R. B., L. J. E. Hofer, and J. 
Bayer. Surface Area of Ooal (letter to editor). 
Fuel, v. 41, No.6, November 1962, pp. 559-560. Is 
a critique of method for determining surface areas 
of coal by gas adsorption. Data presented suggest 
that reliable surface areas may be obtained from 
carbon dioxide isotherms at -78 0 O. 
OP 22. Anderson, R. B., and Fred S. Karn. A 
Ra te Equn tion for the Fischer-Tropsch Synthesis 
on Iron Oatalysts. J. Phys. Ohem., v. 64, No.5, 
June 1960, PP. 805-808. Develops a rate (lqu.ation 
in terms of fractional coverages of the surface by 
reactants and products. Approximates these sur-
face coverages by Freundlich isotherms. Approxi-
mation has been shown to be valid in several 
systems. 
OP 23. Anderson, R. B., K. O. Stein. J. J. Feenan. 
and L. J. E. Hofer. Oatalytic Oxidation of Meth: 
ane. Ind. and Eng. Ohem., v. 53, No. 10, October, 
1961, pp. 809-822. The activity of catalysts for 
the total oxidation of methane was determined as 
part of a program for developing devices to moni-
tor methane concentration in coal mine atmos-
pheres. For this purpose a number of catalysts 
were tested in a microcatalytic reactor. This device 
facilitates screening of catalysts and. provides in-
formation on the kinetics of oxidation: 
OP 24. Anderson, R. B., and A. M. Whitehouse. 
POisoning in Fixed Beds of Oatalysts. Ind. and 
Eng. Ohem., v. 53, No. 12, December 1961, pp. 1011-
1014. Oonsiders poisoning in fixed catalyst beds 
for several types of poison concentration gradients 
along bed length and several functions relating 
activity to poison concentration. 
OP 25. Anderson, R. L. Productivity of Oontinu-
ous and Oonventional Mining Equipment. Min. 
Oong. J., v. 46, No.5, 1960, pp. 38-43. Relates 
data on the productivity at underground bituminous 
coal and lignite mines in the United States to year, 
location, and method of mining and loading. Shows 
that production by continuous mining increased 
from 3 percent of the total underground produc-
tion that was mechanically loaded in 1952 to an 
estimated 29 percent in 1959. 
OP 26. ---. A Statistical Study of Oontinuous 
and Oonventional Mining Machine Productivity. 
Min. Oong. J., v. 48, No.5, May 1962, pp. 56-62. 
Gives data on the production of coal by conven-
tional and continuous mining methods. In 1960 
the highest average production was 14.72 tons per 
man per day in 81 mines with 100 percent continu-
ous mining, and the lowest average production was 
5.90 tons per man per day in 4,826 mines with 100 
percent conventional mining and hand loading only. 
OP 27. Anderson, S. M., and Horace T. Reno. Iron 
Ore in South America. Min. World, v. 22, No.6, 
May 1960, pp. 32-34; Skillings' Min. Rev., v. 48, No. 
48, Feb. 27, 1960, pp. 8-10, 26; No. 49, Mar. 5, 1960, 
pp. 1, 4-5, 15 ; World Min., v. 13, No.6, 1960. pp. 
41-42, 44-45. Review of status in 1959 of the 
iron-ore industry of South America and evaluation 
of the industry's future. 
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OP 28. Ankeny, Marling J. Automatic Safety 
Devices Needed. United Mine Workers J., V. 74, 
No.4, Feb. 15, 1963, pp. 5, 6. Discusses the major 
disasters and fatal and nonfatal injury experience; 
makes suggestions, for improving mine safety. 
OP 29. ---. The Bureau of Mines-A Sm.all 
Federal Agency With a Big Job. Sperryscope, v. 
16, No.2, 1962, pp. 20-23. Gives a brief summary 
of the Bureau's activities. 
OP 30. ---. A Look at Ooal's Future Markets. 
Min. Oongress J., v. 48, No.6, June 1962, pp. 51-
54; Ooal Age News, No. 175, June 1962, pp. 1-3. 
Describes significant new advances in coal trans-
portation, coal use, and mining productivity. Fore-
casts an improvement in coal's position in the Na-
tion's energy market. 
OP 31. 1962 Safety Record of the Coal 
Mining Industry. United Mine Workers J., V. 74, 
No.4, Feb. 15, 1963, pp. 4, 10. Reviews safety 
record for coal mines in 1962. Had an explosion 
not kil1ed 37 miners in December of that year, a 
new safety record might have been set. The m.ajor 
causes of death in mining accidents were roof fall 
and explosion. 
OP 32. ---. Progress in Strata Oontrol in the 
United States. Proc. 3d Internat. Oonf. on Strnta 
Oontrol, Paris, May 16-20, 1960, pp. 719-726. POints 
out the magnitude of the roof-fall problem in the 
United States and explains the character of the 
Bureau of Mines and its leadership in roof-control 
methocls. Research and investigations relating to 
roof-control programs of the Bureau of Mines are 
discussed. 
OP 33. Ankeny, Marling J. Safety Record of Coal 
Industry. United Mine Workers J., v.,75, No.3, Feb. 
1, 1964, pp. 4, 10. Reviews safety record for coal 
mines in 1963. Roof falls and explosions remain 
the greatest hazards. The Bureau is devoting con-
siderable time to roof-control and methane-monitor-
ing research. 
OP 34. ---. Thoughts for Better Mine Safety 
in 1963. Mechanization; v. 27, No.1, January 1963, 
p. 27. Summarizes the principal hazards in coal 
mines and recommends procedures for allaying 
them. 
OP 35. ---. Trends in Productivity in the Coal 
Industry of the United States. Proc. Internat. 
Coal Conf., Tokyo, Japan, 1963, paper 6, 1963, pp. 
115-122. Discusses changes in the coal-mining in-
dustry between 1950 and 1962. Overall productivity 
rose to nearly 15 tons per man-day, and the average 
price of bituminous coal declined to $4.54 per ton. 
Increasing mechanization is expected to further 
lower the price of coal and raise output per man-
day to 30 tons by 1980. Improvements in coal 
transportation methods and greater use of coal for 
electric power generation are expected to improve 
the market for coal. 
OP 36. Armstrong, F. E. Battery Powered Port-
able Scaler. Electronics, v. 33, No. 19, May 6, 
1960, pp. 74-75. Describes a simple battery-oper-
ated scaler designed for quantitative measurements 
in field radioactive-tracer studies. Elimination of 
frills improves reliability and reduces cost and 
weight. 
OP 37. Field Use of Radioactive Gas 
Tracers. Petrol. Eng., v. 32, No. 13, December 
1960, pp. B-34 to B-36. Discusses a simple, effec-
tive, and economical system for applying radio-
active gas tracers to oil-production problems. 
OP 38. Armstrong, F. E., and Keith Lovelace. 
A Study of Core Invasion by Water-Base Mud 
Filtrate Using Tracer Techniques. API Drilling 
and Production Practice (1961), 1962, pp. 104-113. 
Gives a method of measuring water-base mud-fil-
trate invasion in cores, using tritiated water as a 
tracer, that has been developed and tested in the 
field. 
OP 39. Atchison, Thomas C., and Wilbur I. Duvall, 
Effect of Decoupling on Explosion-Generated Strain 
Pulses in Rock. Rock Mechanics, Proc. 5th Symp., 
1962, ed. by C. Fairhurst, Pergamon Press, New 
York, 1963, pp. 313-326. Describes results of 
detonating small cylindrical charges of several 
diameters in variously sized holes in granite rock 
and recording the resulting strain pulses at dis-
tances ranging from' 5 to 100 feet. The amplitude 
and period of the strain pulses were studied as 
functions of the des coupling (defined as the ratio 
of the diameter of the hole to the diameter of the 
charge) . The amplitude and the period of the 
strain pulse produced in the rock decrease as the 
decoupling increases. A satisfactory explanation 
of the experimental results is derived from simple 
theoretical considerations. 
OP 40. Atchison, Thomas C., Wilbur I. Duvall, and 
Benjamin Petkof. Rock Breakage in QuarryBlast-
ing. Proc. 4th Symp. on Rock Mechanics, Penn-
sylvania State Univ., Bull. Miner. Ind. Exp. Sm., 
v. 76, November 1961, pp. 163-169. Gives results 
of rock breakage in quarry blasting made by tak-
ing hi'gh-speed motion pictures of the quarry fac€' 
in front of one shothole of a production round and 
measuring the strain produced in the rock at a 
distance equal to the burden. (Also published 
under title "How Rock Breaks." Rock Products, 
v. 65, No.2, February 1962, pp. 78-81, 118. 
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OP 44. Atkinson, Charles H., and Mitchell A. 
Lekas. Atomic-Age Fracturing May Soon Open Up 
Stubborn Reservoirs. Oil and Gas J., v. 61, No. 
48, Dec. 2, 1963, pp. 154-156. Research on the 
application of nuclear explosives indicates (1) the 
tremendous amount of energy released during a 
nuclear explosion may be used to create a mul-
tiple fracture system to improve production from 
reservoirs having low permeability; (2) heat gen-
erated by the explosion will contribute little toward 
increasing ultimate recovery; and (3f radioactivity 
is not .a serious problem. 
OP 42. Ausmus, S. L., F. W. Wood, and R. A. Beall. 
Casting Technology for Titanium, Zirconium, and 
Hafnium. Metals Ind., v. 98, No. 12, Mar. 24, 
1961, pp. 223-227; No. 13, Mar. 31, 1961, pp. 243-
245; No. 14, Apr. 7, 1961, pp. 271-273 (reprint of 
Rept. of investigations 5686). Describes work on 
furnace design and control, mold materials, alloy-
ing metals, and production of shapes in various 
reactive metals. 
OP 43. Baber, Kenneth D. The New Bureau of 
Mines Research Center. Minnesota Eng., v. 12, 
No.8, September 1961, pp. 6-10. Describes the 
new Minneapolis Research Center and the activities 
carried on by the units housed therein: Mining 
Research Center, Metallurgy Research Center, and 
Office of Mineral Resources. 
OP 44. Baker, Don H., Jr. Electrowinning :Molyb-
denum and Tungsten. J. Metals, v. 16, No. 11, 
N ovem6er 1964, pp. 873-876. Describes a method 
of extracting molybdenum and tungsten from min-
eral concentrates by molten-salt electrolysis that 
has been shown to be technically feasible. Both 
metals have been produced with purities in excess 
of 99.9 percent. 
OP 45. ---. Refining: Electrorefining. Section 
of ch. 4 in 'l'he Metallurgy of Hafnium, ed. by 
D. E. Thomas and E. T. Hayes, pub. by Naval 
Reactors, Div. of Reactor Development, AEC, 1960, 
pp. 119-125. Ilidicates applicability of fused-
salt electro refining technique to the refining of haf-
nium scrap. Indicates that the degree of purifica-
tion and the optimum electrolyte and the opera-
tional techniques still must be determined. 
OP 46. Baker, D. H., Jr., and T. A. Henrie. Elec-
trolytic Preparation of Pure Metals. Ch. in Ultra-
High Purity Metals, American Society for Metals, 
Metals Park, Ohio, 1962, pp. 36-54. Reviews theo-
retical and practical conditions for the preparation 
of high-purity reactive metal. The electrorefin-
ing procedures to produce high-purity beryllium, 
titanium, vanad~um, chromium, and molybdenum 
from molten chloride baths are described. The 
operational factors involved' in electrowinning mo-
lybdenum and tungsten from their oxide concen-
trates in molten oxide baths and the rare-earth 
metals from their respective oxides in fluoride 
melts are discussed. 
OP 47. Electrorefining in Molten Salts. 
Encyclopedia of Electrochemistry. ReinhOld Pub-
lishing Corp., New York, 1964, pp. 568-572. De-. 
scribes the cell desi'gn and requirements for the 
general technique of electrorefining reactive and 
refractory metals in molten salts. Theoretical and 
practieal considerations for the purification of this 
class of metals are delineated. 
OP 48. Baker, D. H., Jr., and J. D. Ramsdell. 
Electrolytic Vanadium and Its Properties. J. 
Electrochem. Soc., v. 107, No. 12, December 1960, 
pp. 985-989. Successful application of the molten-
salt electrorefining technique to the purification of 
vanadium and the testing of selected properties of 
the purified vanadium are described. Oxygen and 
nitrogen impurities were reduced by two-thirds of 
the amount contained in the feed material by elec-
Articles PublLshed 
trolysis in an electrolyte consisting of m.olten so-
dium chloride containing 3 to 6 percent vanadium 
as vanadium dichloride. Reduction of these impuri-
ties produced major hardness reductions, permitted 
in excess of 90 percent cold reduction, and improved 
elongation. Strength and resistivity decreased mith 
increasing puri ty. 
OP 49. Ba!rer, F. D. Modern Communication Sys-
tem for Mine Rescue and Recovery Operations. 
Coal Age, v. 64, August 1959, pp. 112-114; Proc. 
49th Uonv., Mine Inspect.ors' Inst. of America, 
Terre Haute, Ind., 1959, pp. 95..,..97. Explains four 
basic component parts of the transistor-type modern 
communicati.on system and procedures for assem-
bling the equipment. Describes application of the 
equipment and benefits to be derived when the 
system is used during rescue and recovery work. 
OP 50. Ball, John S. Nitrogen CDmpounds in 
Petroleum. PLOC. API, v. 42, sec. 8, 1962, pp. 27-
30. Summarizes the occurrence of nitrogen in 
petroleum, including the total nitrogen in various 
crude oils, the distribution of nitrogen according 
to boiling range, and the types .of nitrogen com-
pounds that have been identified. 
OP 51. -' --. Rev. of "Organic Geochemistry," 
ed. by 1. A. Breger. Ohem. and Eng. News, v. 42, 
No. 27, July 6, 1964, p. 64. . 
OP 52. ---. Rev. of "Zone Refining and Allied 
Techniques," by N. L. Parr. Ind. and Eng. Chern., 
v. 53, No.8, August 1961, p. A63. 
OP 53. Ball, John S., W. El. Haines, and R. V. 
Helm. Minor Con.stituents of a California Petro-
leum. 1": Proc. 5th .World Petrol. C-ong., v. 5, 1960, 
pp. 170-189. Presents a comprehensive examina-
tion of a California crude oil containing consider-
able quantities of nitrogen, sulfur, and oxygen com-
pounds and trace amounts of porphyrins and 
metals. . 
OP 54. Ball, J.ohn S., and H. T. RaIl. Nonhydro-
carbon Oomponents of a California Petr.oleum 
Proc. API, v. 42, sec. 3, 1962, pp. 128-145. Reviews 
the available knowledge on nonhydrocarbon con-
stituents of California petroleum lnclnding sulfur 
nitr.ogen, oxygen, and metal c.o~pounds. A com~ 
parlson of knowledge on California oils with that 
of all other oils was made. 
OP 55. Ball, John S., W. 'J. Wenger, Harold J. 
Hyden, C. A. Horr, and A. T. Myers. Metal Content 
of Twenty-Four Petroleums. J. Chern. and Eng. 
Data., v. 5, N.o. 4, October 1960, pp. 553-557. Com-
pares re~ults of trace metal analyses on 24 petro-
leums with properties of organic portion of crude 
oils. Limited data suggest that predictable rela-
tionships exist between the metal content and the 
nature of the organic constituents in petroleum 
OP 56. Banning, Lloyd H., and Wallace E. Anable: 
Effert of Temperature .on the Carbon Content of 
High-Siliron Alloys. Proc. Elec. Furnace Conf., 
AIME, 1961, v. 19, 1962, pp. 345-353. Describes a 
te('hnique by which the ca rbon content of a ferro-
chromium-silicon or a ferrochl'omium-manganese-
silicon alloy containing 30 percent or m.ore silicon 
can be reduced to 0.50 percent or less by refining 
under a slag at near the liquidus temperature of 
the alloy; the carbon content of silicomanganese 
can also be reduced by the same te('hnique. 
OP 57. ---. Utilization of Nickeliferous Ser-
pentine. Ch. in Extractive Metallurgy of Copper 
Nickel, and Cobalt, ed. by PaUl Queneau. Inter: 
science Publishers, New York, 1961, pp. 301-313. 
Gives results of electric-smelting tests on Cuban 
and Philippine ores. Shows that a high percent-
age of the nickel and most of the cobalt can be 
recovered easily in a ferronickel product. Either 
dried or calcined material can be smelted satis-
factorlly when using a mixture of bagasse and 
coke for the reductant. 
OP 58. Banning, Lloyd H., and William A. Stickney. 
Beneficiati.on of Domestic Chromium Ores. Proc. 
Elect. Furnace Conf., AIME, 1959, v. 17, 1960, pp. 
157-174. Gives background information on c.on-
sumption and uses of chromium ores and concen-
trates; summarizes history of chromite production 
in the United States; reviews beneficiation re-
search by the Bureau and others; describes tw.o 
domestic commercial beneficiation plants; and pro-
poses a method for evaluating chromite concen-
trates .. 
OP 59. Baptist, Oren C. Oable Tools Aid in Arctic 
Drilling. Drilling, v. 22, No.4, February 1961, p. 
65. Bureau of Mines study for the U.S. Navy 
resulted in the use of cable tools t.o overcome well 
plugging caused by increased water saturation in 
the permafrost. 
OP 60. Barry, A. J., Resume 'of Roof Support 
Methods Used in Coal Mines. Proc. Coal Min. 
Inst. America, Pittsburgh, Pa., 1961, pp. 95-105; 
Mechanization, v. 27, No.1, January 1963, pp. 37-
40. Summarizes the various roof-control methods 
including conventional supports, the mining shield, 
yielding-type supports, roof bolting, yielding arches, 
and mine roof stabilization by injecting a chemical 
bonding agent into the mine roof. 
OP 61. R.oOf Control in United States 
Mines. J. Mines, Metals,& Fuels, v. 10, Special 
Issue, Proc. Mechanization of Mines in India Syrup., 
1962, pp. 345-353. Describes sev.eral roof-control 
methods being used in coal and non coal mines of 
the United States, including conventional timbering, 
a mining shield, yielding steel props, yielding steel 
arches and rings, liner plate, and hydraulic filling. 
Bureau research regarding roof c.ontrol is discussed, 
including coal bursts or bumps, roof bolting, roof 
and rock bonding, and sonic techniques for explor-
ing coal-mine roof strata. 
OP 62. Barton, William R. Bureau of Mines 
Studies of Beryllium Resources in New England. 
Oxford County Mineral and Gem Association Year-
book 1962, No. 15, 1963, pp. 21-22. Discusses the 
Bureau's studies of the beryllium resources in the 
New England States and mentions some good loca-
tions for collecting mineral specimens. 
OP 63. Bayer, J., K. O. Stein, L. J. E. Hofer, and 
R. B. Anderson. Effect of Preadsorbed Sulfur 
Compounds on Chemisorption of CO and C02 on 
Iron Catalysts. J. Catalysis, v. 3, No.2, April 1964, 
pp. 145-155. The effects of the chemisorption of 
H2S, S02, CS2, COS, C2HoSH, and thiophene on the 
nitrogen isotherm at -195° C, the carbon monoxide 
chemisorption at -195° C, the carbon dioxide 
chemisorpti.on at -78 0 C were determined on syn-
thetic ammonia catalysts promoted with MgO, 
MgO-K20, Ah03, and Ab03-K20. In general, the 
poisoning did not .affect the surface area, but it 
did decrease both the metallic iron and alkali 
surfaces. 
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OP 64. Beall, R. A. Consolidation of Refractory 
Metals by Casting. High TemperRture Materials, 
v. 2, ed. by Ault, Barclay, and Munger. Inter-
science Publishers, Inc., New York, 1963, pp. 533-
544. Presents melting and casting techniques used 
for molybdenum, tungsten, and tantalum. Existing 
capabilities are indicated for each material. 
OP 65. Becker, Robert M., and Scott W. Hazen, Jr. 
Probability in Estimating the Grade of Ore. Proc. 
9th Annual Drilling Symposium, Pennsylvania 
State Univ., Minn. Ind. Experiment Station BUll. 
72, March 1960, pp. 39-49. Declares that two 
requirements must be met in order to utilize proba-
bility as an aid in estimating the grade of ore. 
First, the samples should be of the . same size; 
second, the data must be random or satisfy certain 
relations. Indicates that a probability statement 
of accuracy is worthless and misleading if the data 
do not conform to random laws. 
OP 66. Beckering, Willis. Intramolecular Hy-
drogen Bonding of '1T-Electrons in Ortho-Substituted 
Phenols. J. Phys. Chem., v. 65, No.2, February 
1961, pp. 206-208. Intramolecular hydrogen bonds 
between hydroxyl groups and aromatic 1I"-electrons 
were examined in phenols that had an aromatic 
group attached to the ortho-position. The strength 
of the hydrogen to 1I"-electron bond was varied by 
placing different substituents on the primed aro-
matic ring. Strength of the intramolecular bond was 
related to the planarity of the two aromatic rings 
in a biphenyl system. 
OP 67. Beckering, Willis, C. 1\1. Frost, and W. W. 
Fowkes. Infrared Examination of Carbon-Hydro-
gen Stretching Frequency in Pyrocatechols, Guaia-
cols, and Phenols. Anal. Chem., v. 36, No. 13, 
December 1964, pp. 2412-2414. Gives determination 
of the infrared spectra of a series of alkyl-substi-
tuted phenols, catechols, and guaiacols that were 
measured in a carbon tetrachloride solution in the 
2,800 . to 3,000 cm.....l region. The origin and the 
frequency variation of several of the vibrations are 
discussed. The spectra are presented in a bar-type 
diagram and should be useful in the characteriza-
tion of unknown pure phenols. 
OP 68. Bennett, James A. Resume of the Bureau 
of Mines Nontechnical Accident-Prevention Course 
for Metal and Nonmetal Mine Personnel: Abs. in 
Trans. of Nat. Safety Cong., Cement, Quarry, and 
Mineral Aggregates, v. 4, 1963, p. 11. 
OP 69. Benson, H. E., and J. H. Field. New Data 
for Hot Carbonate Process. Petrol. Refiner, v. 39, 
No.4, April 1960, pp. 127-132. Describes various 
:flow systems for operating a hot carbonate purifi-
cation; compares steam requirements for the pilot 
plant and commercial plants; and describes a 
method. of decreasing steam consumption by the use 
of ejectors. Gives data to show the degree of re-
moval of hydrogen sulfide and carbon dioxide from 
feed gases containing both these components. 
OP 70. Berg. W. T., D. W. Scott, W. N. Hubbard, 
S. S. Todd, J. F. Messerly, I. A. Hossenlopp, Ann 
Osborn, D. R. Douslin, and J. P. McCullough. The 
Chemical Thermodynamic Properties of Cyclopenta-
nethiol. J. Phys. Chem., v. 65, 1961, p. 1425-1430. 
The chemical thermodynamic properties of cyclo-
pentanethiol (cyclopentyl mercaptan) in the ideal 
gas state were calculated by using calorimetric, 
spectroscopic, and molecular structure information. 
Pseudorotation of the five-membered ring was 
demonstrated. Experimental studies provide values 
of heat capacity for two crystalline forms of the 
solid, for the liquid, and for the vapor; the triple-
point temperatures; the heats of fusion; thermo-
dynamic functions for the solid and liquid (0° to 
370 0 K); heat of vaporization (360 0 to 405 0 K) ; 
parameters of the equation of state; vapor pressure 
(353 0 to 446° K) ; and the standard heat of for-
mation at 298.15 0 K. 
OP 71. Bienstock, D., and J. H. Field. Bench-
Scale Investigation on Removing Sulfur Dioxide 
From Flue Gases. J. Air Pollution Control Assoc., 
v. 10, 1960, pp. 121-125. Reports results of a 
bench-scale investigation on the removal of sulfur 
dioxide with metallic oxides as absorbents, adsorb-
ents, and oxidation catalysts from a simulated fiue 
gas -at temperatures of 265 0 and 625 0 F; reviews 
methods of regeneration. 
OP 72. ---. Corrosion Inhibitors for Hot Car-
bonate Systems. Corrosion, v. 17, No. 12, December 
1961, pp. 571t-574t. Evaluates the effectiveness of 
various inorganic reagents as inhibitors in the 
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corrosion of steel in boiling solutions of potassium 
carbonate saturated with carbon dioxide and hy-
drogen sulfide. Reagents tested were potaSSium 
chromate, potassium nitrite, sodium metavanadate, 
vanadium pentoxide, n-alkyl trimethylene diamines, 
and sodium metasilicate. 
OP 73. Bienstock, D., and J. H. Field. Corrosion 
of Steels in Boiling Potassium Carbonate Saturated 
With Carbon Dioxide and Hydrogen Sulfide. Cor-
rosion, v. 17, No.7, July 1961, pp. 337-339. Corrosion 
rates of carbon and stainless steels were determined 
in boiling solutions of potassium carbonate saturated 
with carbon dioxide and hydrogen sulfide. Solutions 
saturated with carbon dioxide were highly corrosive 
to carbon steel and slightly corrosive to types 304 
and 347 stainless. Type 410 stainless behaved 
similarly to carbon steel. Monel was even more 
resistant to attack. The addition of only 0.3 per-
cent of hydrogen sulfide to the carbon dioxide 
reduced the corrosion rate of the carbon steel by 
96 percent. Boiling solutions of carbonate satu-
rated with hydrogen sulfide were noncorrosive. 
OP 74. Bienstock, D., J. H. Field, A. J. Forney, 
and H. E. Benson. High Btu Gas Synthesis. Am. 
Gas J., v. 189, No.3, March 1963, pp. 47-60. High-
Btu gas can be synthesized by catalytic methanation 
of a mixture of 2.5 to 3 parts of hydrogen to 1 
part of carbon monoxide, obtained in gasification 
of coal, using a steel catalyst followed by Raney 
nickel in a hot-gas recycle system. Conversion of 
99 percent of H2 + CO yields a fuel gas with heat-
ing value of 983 to 1,130 Btu per cubic foot, con-
taining 78 to 96 percent methane, no carbon 
monoxide, and very small amounts of unsaturates. 
With the steel catalyst alone, conversions were 85 
to 90 percent, giving fuel gas of 810 to 868 Btu 
per cubic foot. 
OP 75. Bienstock, D.,J. H. Field, and J. G. Myers. 
Removal of Sulfur Oxides from Flue Gas with 
Alkalized Alumina at Elevated Temperatures. J. 
Eng. Power, v. 86, No.3, 1964,pp. 353-360. De-
scribes a cyclic process for removing the oxides of 
sulfur from :flue gas by absorption at 625 0 F and 
then converting the oxides to elemental sulfur by 
reduction of the spend absorbent. Pilot-plant ex-
periments are reported in which a solid absorbent 
of alkalized alumina in free and baffled fall is used 
to remove S02 and S03 from the combustion gas 
of a pulverized-coal-fired furnace. The absorbent 
is then regenerated by heating with hydrogen or 
with steam-reformed natural gas. 
OP 76. Bilbrey, J. B., Jr. Nickel. Min. Congo J., 
V. 47, No.2, February 1961, pp. 116-117, 121. 
Free world production of nickel, which in ('rea sed 
7 percent, reached a record high in 1960. Although 
consumption in the United States dropped 'slightly 
below the 1959 level, greatly increased European 
consumption more than made up the difference. 
More nickel will be used in electric heating for 
homes, ni<'kel-cadmium batteries, and special pur-
pose alloys. 
OP 77. Bird, J. Howard. Maintenance-Its Rela-
tion to Safety. Proc. 59th Meeting of Rocky Moun-
tain Coal Min .. lnst., 1963, pp. 34-40. Discusses 
some features of accident prevention that depend 
on good maintenance of a mine and. its equipment. 
OP 78. Blade, O. C. Petroleum. Products Survey 
No. 16 Is Study of Burner-Fueloils 1960. Fueloil 
& Oil Heat, v. 19, No. 11, November 1960, pp. 60-61. 
Samples of burner fuel oil, typical of those manu-
factured during the early part of 1960, were ana-
lyzed by the refiners, and the results were trans-
mitted to the Bureau of Mines for study and 
compilation. Data obtained on 415 samples sub-
mitted by 45 petroleum refining companies. 
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OP 79. Blaustein, Bernard D., and Gary M. Feld-
man. Peak Width vs. Retention Time in Gas 
Liquid Chromatography on Packed Columns. Anal. 
Chem., v. 36, No.1, January 1964, pp. 65-70. 
Quantitative analyses were made on mixtures whose 
chromatograms had overlapping peaks, estimating 
the half height from the half height-retention time 
curve where its direct measurement was not 
possible. 
OP 80. Blaustein, Bernard D., Irving Wender, and 
R. B. Anderson. Ethyl Branching in the Fischer-
Tropsch Synthesis. Nature, v. 189, No. 4760, 
January 1961, pp. 224-225. Describes part of a 
larger project on the analysis of Fischer-Tropsch 
synthesis products through the C7 compounds. 
Reports the identification of 3-ethylpentane in a 
hydrogenated· Fischer-Tropsch synthesis product. 
OP 81. Blaustein, Bernard B., Charles Zahn, and 
Gus Pantages. Temperature as a Factor in De-
termining Order of Elution in Gas-Liquid Chroma-
tography of Some Cs-Cs Hydrocarbons. J. 
Chromatography, v. 12, 1963, pp. 104-106. Dis-
cusses the reversal in their order of elution of 
several pairs of hydrocarbons over the temperature 
range 40 0 to 80 0 C and the implications of this 
reversal in regard to the gas-chromatographic 
analYsis of complex mixtures. 
OP82. Block, F. E., and T. T. Campbell. Rare-
Earth and Yttrium Halides for Metal Production 
-Chlorides, Bromides and Iodides. The Rare 
Earths, John Wiley & Sons, New York, 1961, pp. 
89-101. Gives a survey and evaluation of published 
methods for preparing rare earth and yttrium 
halides (chlorides, bromides, and iodides). Meth-
ods are discussed in relation to ease of formation, 
methods of purification, and quality of product. 
OP 83. Block, F. E., and M. J. Ferrante. Vana-
dium by Metallic Reduction of Vanadium Tri-
chloride. J. Electrochem. Soc., v. 108, No.5, May 
1961, pp. 464-468. Vanadium tetrachloride was 
made by chlorinating vanadium oxide with chlorine 
in the presence of carbon. By refluxing, vanadium 
tetrachloride was decomposed to nonvolatile vana-
dium trichloride, allowing volatileoxychlorides to 
be separated. The trichloride was reduced with 
magnesium or magnesium-sodium mixtures under 
inert atmosphere. Excess reductant and byproduct 
salts were removed from the vanadium sponge by 
vacuum distillation. Arc-melted vanadium con-
taining only 0.2 percent impurities, which could 
be cold-rolled to thin sheets, was prepared. 
OP 84. Bloss, F. Donald. Choosing Precession 
Screen Settings. Am Mineral., v. 47, May-June 
1962, pp. 802-804. Gives a nomogram that is 
simpler to use than those given by Tavora and 
Evans and others. It permits selection of the largest 
value of JL that can be used with a particular value 
of d*. 
OP 85. Bloss, F. Donald, and G. V. Gibbs. No-
mograms for Determining 20 From Precession 
Photographs. Am. Mineral., v. 46, January-Febru-
ary 1961, pp. 26-31. Two nomograms are presented 
that permit 20 to be evaluated from diffraction 
spot locations on precession photographs. By 
means of the first nomogram, 20 for the wavelength 
used to produce the precession photograph was 
obtained. The .second permitted 20 (CuKcr.) to 
be determined from precession spots produced by 
moIibdenum (Kcr.) radiation. The accuracy was 
usually sufficient to allow, in conjunction with 
observed intensities, unequivocal indexing of the 
more intense powder diffraction lines of crystalline 
materials. 
OP 86. Bloss, F. Donald, Gerald V. Gibbs, and 
David CUmmings. Polymorphism and Twinning in 
Synthetic Fluorphlogopite. J. Geol., v. 71, No.5, 
September 1963, pp. 537-547. Gives results of 
optical and X-ray studies of large clear flakes of 
synthetic fluorphlogopite which revealed that ap-
proximately 29 percent are not single crystals as 
had been previously assumed. Gives detailed in-
formation on the polymorphs found in these 
anomalous fluormica crystals and gives a possible 
explanation. 
OP 87. Bolen, R. J., E. A. Pavelka, J. R. Lindley, 
and C. W. Dwiggins, Jr. Precise Collimation and 
Alignment Mechanism for the Spinco Model E 
Ultra-centrifuge. Rev. Sci. lnstr., v. 32, No.1, 
January 1961, PP. 94-95. Collimation of light for 
schlieren optics in the Spinco model E ultra-
centrifuge was facilitated by precise alinement of 
the light-source slip. This article describes a 
simple, effective collimation and alinement mecha-
nism devised to facilitate precise alinement. 
OP 88. Boley, Dean W., Harry R. Johnson, and 
John R. Duda. Predicted Oil Recovery from a Pilot 
Waterflood in the Kane Oilfield. Elk County, Pa. 
Producers Monthly, v. 28, No.8, August 1964, pp. 
10-16. Predicts the performance of a waterflood 
in the Kane oilfield, located in Elk, Forest, and 
McKane Counties, that was made to determine 
secondary-recovery possibilities by waterflooding 
the Kane sand. This sand exhibits the character-
istics of a preferentially oil-wet formation. Gas 
saturation is estimated to be about 20 percent. 
Maximum recovery is predicted to be about 52 
barrels per acre-foot. 
OP 89. Bomberger, D. R., and M. Deui. Study of 
Fine Coal Cleaning Process by Automatic Micros-
copy. Trans. AIME, Mining, v. 229, March 1964, 
pp. 65-69. Gives results of a study of pyrite sizes 
in fine coal. Pyrite size distribution, rather than 
simple consideration of density separation, may be 
more significant in predicting sulfur reduction by 
a cleaning process. A scheme of size measurement 
of pyrite by an automated microscope and math-
ematical treatment of the data are described. 
OP 90. Boyd, William T. Hydraulic Mining of 
Coal in the U.S.S.R. Proc. 8th Conf. Coal. Re-
search, Inc., 1959, pp. 11-22. Summarizes briefly 
the techniques and equipment used in the U.S.S.R. 
to extract and transport coal hydraulically from 
underground mines. Includes some statistical data 
showing the increased productivity and decreased 
mining costs obtained by using this mining method 
in steeply dipping coalbeds. 
OP 91. Boyd, William T., and Harry Perry. 
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Degasification of Coal Beds in Advance of Mining. 
Trans. Nat. Safety Cong., Coal Mining, v. 7, 1959, 
pp. 21-31. Reviews the origin, release, and ex-
traction of methane from the coalbeds in the 
United States, Great Britain, France, Germany, 
and Japan. Presents data regarding methods for 
economic extraction and utilization of methane 
being used in European countries and briefly out-
lines a proposed investigation by the Bureau. 
OP 92. Brandenburg, C. F., D. R. Latham, G. L. 
Cook, and W. E. Haines. The Identification of a 
Cycloalkyl Ketone in Wilmington Petroleum through 
Use of Chromatography and Spectroscopy. Chem. 
and Eng. Data, v; 9, No.3, July 1964, pp. 463-466. 
Describes the identification in Wilmington, Calif., 
petroleum of an acetyl-isopropyl-methyl cyclopen-
tane, the first cycloalkyl ketone to be fOllnd in 
petroleum. The cycloalkyl ketone was isolated from 
the virgin petroleum by a combination of flistil-
lation, liquid-solid chromatography, and gas-liquid 
chromatography. The compound was identified by 
interpretation of medium and high resolution mass, 
infrared. and nuclear magnetic resonance spectra. 
OP 93. Brandt, L. Warren, Lowell Stroud. and 
John E. Miller. Phase Equilibria in Natural Gas 
Systems. J., Chem. and Eng. Data, v. 6, No.1, 
January 1961, p. 6. Contains previously unavail-
able information on the phase equilibria of helium-
bearing natural gas. Considers the solubility of 
helium in the equilibrium liquid phases, the per-
centage of helium condensed, and equilibrium co-
efficient data for methane, nitrogen, and helium. 
OP 94. Broadhead, Kenneth G. and Howard H. 
Heady. Radiochemical Precipitation Studies of 
Rare-Earth Oxalates. Anal. Chem., v. 32, No. 12, 
November 1960, pp. 1603-1606. Radiochemical tech-
niques are used to determine quantitatively the effect 
of temperature, digestion time, pH, rare-earth con-
centration, oxalic acid concentration, stirring, and 
the presence of other rare earth ions on the 
oxalate precipitation of lanthanum, samarium, and 
yttrium. A Latin square experimental design is 
used to evaluate some of the variables statistically. 
OP 95. Brown J. D. Limitation of the Linear 
Intensity-Concentration Approximation in Electron 
Probe .Micronanalysis. Advances in X-Ray Analysis 
(Proc. 12th Ann. Conf. on Applications of X-Ray 
Analysis). Plenum Press, New York, v. 7, 1964, 
pp. 340-352. Evaluates the various factors that 
lead to deviations from linearity and gives methods 
for correctly interpreting X-ray intensity data on 
a qualitative and semiquantitative basis. 
OP 96. Brown, J. D., J. W. Thatcher, and W. J. 
Campbell. Electron Probe X-Ray SpectrDgraph: 
Design, Evaluation, and Application. Ch. in Ad-
vances in X-Ray Analysis, ed. by W. Mueller. 
Plenum Press, New York, v. 5, 1962, pp. 527-537. 
Describes design and operational characteristics of 
the Bureau's electron probe X-ray spectrograph. 
Applications of this instrument to several types of 
samples are summarized. 
OP 97. ---. X-Ray .Optics for Electron Probe 
Microanalysis. Norelco Reporter, v. 10, No.3, 
July-September, 1963, pp. 85-88. Compares trans-
mission and reflection curved-crystal spectrometers 
for intensity, line width, and spectral range. A 
mathematical relationship of X-ray angle to Bragg 
angle is derived. Analytical errors resulting from 
use of an incorrect takeoff angle in calculating 
concentration are briefly considered. 
OP 98. Browning, James S. Flotation of North 
Carolina Spodumene-Beryl Ores. Abs. in Min. 
Eng., v. 12, No. 12, December 1960, p. 1244. 
OP 99. Browning, James S., and Carl Rampacek. 
Flotation of Complex Barite-Fluorspar Ore .. Proc. 
7th Internat. Min. Processing Cong., 1964. Gordon 
and Breach Science Publishers, New York, 1964, pp. 
221-226. Discusses the Bureau of Mines lignin 
sulfonate-sodium fluoride method for treating com-
plex ores· to recover barite as well as fluorspar as 
high-grade products. Presents the results of batch 
and continuous flotation tests made of barite-fluor-
spar ores from Illinois, Kentucky, and Tennessee. 
The tests demonstrated the feasibility of producing 
acid-grade fluorspar from two of the ores and 
barite products meeting specifications for well-
drilling muds from all three ores. 
OP. 100. Browning, Stanley C., and John J. S. 
Sebastian. Ceramic Heat Exchangers for High-
Temperature Heat Transfer From Helium. Ind. 
and Eng. Chem., v. 53, No.3, March 1961, pp. 
191-196. Ceramic heat exchangers show con-
siderable promise at higher temperatures but are 
limited to low pressures. Their technical feasi-
bility depends on developing reliable gastight seals 
and eliminating high-thermal stresses. 
OP 101. Bruszak, Arthur E., David S. Burgess, and 
Elton L. Litchfield. Pressure Measurement Within 
Borosilicate Glass Systems by Externally Mounted 
Strain Gauges. Rev. Sci. Instr., v. 34, No.7, July 
1963, p. 814. Describes a system for measuring the 
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pressure at constant volume and temperatures of 
2000 to 3000 C of the corrosive decomposition 
products of ammonium nitrate. Essentially this 
consisted in cementing a Constantan foil strain 
gage to the flat bottom of a Pyrex Florence flask. 
OP 102. Bruszak, Arthur E., D. S. Burgess, and H. 
J. Wijnen. Reaction Kinetics in Hot-Gas Ignition 
of Ethane-Air. Combustion and Flame, v. 7, No.3, 
September 1963, pp. 245-251. Gives results of 
studies of heat balances in a jet of heated nitrogen 
issuing into cool ethane-air. Rates of heat produc-
tion were obtained for the oxidation of ethane at 
low concentration near the axis of the jet. As-
suming the course of the reaction to be unchanged 
at all the temperatures (800 0 to 875 0 C) and fuel 
concentrations used, the order of reaction is unity 
with respect to fuel and 0.25 with respect to oxygen. 
The activation energy is about 49 kcal/mole. 
OP 103. Buch, J. W. The Hydraulic Mining of 
Anthracite. Institut National de l'Industrie Char-
bonniere, Liege, Belgium, Sec. E6, October 1963, 
pp. 1-10. Describes full-scale experiments by the 
Bureau on hydraulic mining of anthracite. Gives 
information on installation, equipment, loading and 
transporting of coal, roof support, safety, and 
operating performance. 
OP 104. Buch, John W., and Ivor L. Williams. 
HydraUlic Mining of Anthracit~Experiments at 
the Sugar Notch Mine, Wilkes-Barre, Pa. Min. 
Congo J., v. 48, No.7, July 1962, pp. 22-28. Bureau 
of Mines, working cooperatively with the Glen 
Alden Coal Co., has successfully mined anthracite 
hydraulically using 300 gpm of water at 5,000 psi. 
Describes equipment used, which is of special 
design or which ,has been modified to meet the 
requirements; highlights safety features; explains 
operating procedures; and presents results of the 
hydraulic cutting tests. 
OP 105. BUreau of Mines. Anthracite Program of 
the Bureau of Mines. Coal Age, V. 68, No.6, June 
1963, pp. 82-84: Summarizes the Bureau's research 
on anthracite in three broad areas of technology: 
mining, preparation, and utilization. 
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OP 106. ---. Appalachian Region Oilfield Res-
ervoir Investigations. Producers Monthly, v. 25, 
No.5, May 1961, pp. 14-16. Presents part of an 
investigation to determine the susceptibility of 
selected Appalachian region oil reservoirs to more 
intensive oil-recovery methods. Describes a study 
made of the Cow Run sand, Bl.lrnings Springs 
oilfield, Clay district, Wirt County, W. Va. 
OP 107. ---. Appalachian Region Oilfield Res-
ervoir Investigations, Big Lime Formation and 
Keener, Big InJun, Weir, and Berea Sands, Spruce 
Creek Field. Union District, Ritchie County, West 
Virginia. Producers Monthly, V. 26, No.4, April 
1962, pp. 12-16. Gives basic data resulting from 
the coring of five formations, analyses of the cores, 
and a complement of well logs, including electrical, 
acoustical. and radiation logs. No evaluation of 
the data is made nor' are any conclusions drawn. 
One of a series on the Bureau's evaluation of oil-
field reservoirs. 
OP 108. ---. Appalachian Region Oilfield Res-
ervoir Investigations, Clinton Sand, North Logan 
Field, Falls Gore Township, Hocking County, Ohio. 
Producers Monthly, V. 26, No.7, July 1962, pp. 
10-13. Mentions geology and early development of 
the North Logan oilfield. Gives basic data result-
ing from the coring of the Clinton sand, analyses 
of the core, . and a complement of well logs, in-
cluding electrical, acoustical, and radiation logs. 
No evaluation of the data is made and no con-
clusions are drawn. One of a series on oilfield 
reservoir evaluation. 
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OP 109. Bureau of Mines. Appalachian Region Oil-
field Reservoir Investigations, Glade Sand, Youngs-
ville-Five Points Field, Sugar Grove, Farmington, 
and Brokenstraw Townships, Warren Oounty, Pa. 
Producers Monthly, v. 26, No. 10, October 1962, pp. 
8-10. Gives basic data resulting frolll the coring of 
the Glade sand, analyses of the core and a comple-
ment of well logs, including electrical, acoustical, and 
radiation logs. No evaluation of the data is made, 
nor are any conclUsions drawn. One of a series on 
the Bureau's evaluation of oilfield reservoirs. 
OP 110. ---. Appalachian Region Oilfield Res-
ervoir Investigations, Kane Sand, Kane Field, 
Highland Twp., Elk Oounty, Pa. Producers Monthly, 
v. 28, No.4, April 1964, pp. 12-14. Presents core 
analysiS, well logs, geology, and development and 
production history of Kane sand, Kane oilfield, 
Highland Township, Elk Oounty, Pa. 
OP 111. ---. Appalachian Region Oilfield Res-
ervoir Investigations, Keener Sand, Loyalhanna 
Lime, and Big Injun and Squaw Sands, Bonds 
Oreek Field, Lafayette District, Pleasants Oounty, 
W. Va. Producers Monthly, v. 27, No. 11, Novem-
ber 1963, pp. 8-10. Gives basic data resulting 
from the coring of the Keener sand, Loyalhanna 
Lime, and Big Injun and Squaw sands; analyses 
of the core; and a complement of well logs, includ-
ing electrical, acoustical, and radiation logs. No 
evaluation of the data is made nor are conclusions 
drawn. 
OP 112. ---. Appalachian Region Oilfield Res-
ervoir Investigations, Venango Group First Sand, 
Goodwill Hill-Grand Valley Field,· Southwest Town-
ship, Warren County, Pa. Producers Monthly, v. 
25, No.7, July 1961, pp. 2-5. Describes part of a 
study to determine the susceptibility of certain 
Appalachian region oil reservoirs to more intensive 
oil-recovery methods. Covers general geology of 
the area, general oil production history, reservoir 
rock analysis and well logs, and an appraisal of 
first sand. 
OP 113. ---. Appalachian Region Oilfield· Res-
ervoir Investigations, Venango Group Second Sand, 
Foster-Reno Oil City Field, Reno Pool, Sugar Oreek 
Township, Venango Oounty, Pa. Producers Month-
ly, v. 28, No.5, May 1964, pp. 12-15. Gives general 
information on the earlY,history and geology of an 
oil reservoir formation near Reno, Venango County, 
Pa. Field, lease, and well-location maps, oil-produc-
tion data, core analysis, and well logs are presented. 
OP 114. ---. Bituminous Research. 1. The 
Bureau of Mines Program in Ooal Mining, Ooal 
Preparation. Coal Age, v. 68, No.2, February 1963, 
pp. 118-121, 123; 2. The Bureau of Mines Program 
in Ooal Utilization, No.3, March 1963, pp. 124-129, 
132, 134. Summarizes the research program of the 
Bureau's Division of Bituminous Ooal. Discusses 
the Bureau's work in mining methods, determina-
tion of coal reserves, studies of the preparation 
charaC'teristics and carbonizing properties of coals, 
degasifieation of coalbeds, acid mine water, gasifica-
tion of coal, conversion of coal to special products, 
and use of coal for heat and power generfltion. 
OP 115. ---. BuMines Detects Trace Impurities 
in Grade-A Helium. Chem. and Eng. News, v. 38, 
No. 51, Dec. 19. 1960. p. 51. Describes an improved 
method for identifying trace impurities in heli11m 
and measuring thf'ir concentration within a toler-
ance of 1 ppm. The new meth,pd uses a cold trap 
to freeze out impurities and concentrate them for 
analysis in a mass spectrometer. 
OP 116. ---. Ooal Researeh at the Bureau of 
Mines. Mechanization, v. 23, No. 12, December 
191)9, pp. 65,-66. Summarizes coal research activi~ 
ties of the three branches and eight research labo-
ratories of the Division of Bituminous Ooal. 
OP 117. Bureau of Mines. Ooal Research-At 
Home and Abroad. Min. Oong.J., v. 47, No.2, Feb-
ruary 1961, pp. 65-67. Reviews coal research in the 
United States· and abroad by type of research, 
amount of money made available, and aims and ob-
jectives of the research. 
OP 118. ---. Oil and Gas Producing Sands of 
the Allegheny Series, Anns Run Pool, Burning 
Springs Field, Spring Oreek District, Wirt Oounty, 
W. Va. Producers Monthly, v. 26, No. 10, October 
1963, pp. 14-16. Gives data on two oil sands, known 
locally as the First and Second Oow Run sands. 
The sands were cored and well logs run in A. E. 
Mackintosh well 8 in the Anns Run pool, Burning 
Springs field. The work was done to evaluate the 
possibilities of increasing ultimate recovery by 
secondary recovery methods. Rock properties and 
fluid saturations were found to be unfavorable 
for primary or secondary recovery of oil. 
OP 119. ---. Progress on 3 API Research Proj-
ects Reported by the Bureau of Mines. Oil Daily, 
Nov. 14, 1960, p. 52. American Petroleum Institute's 
Research Projects 48A, 52B, and 520, conducted at 
Bureau of Mines installations, represent attemvts to 
decrease waste and increase efficiency in the pro-
duction, manufacture, and use of petroleum and 
petroleum products. As a result of API Project 48, 
definite progress has been made in obtaining data 
.on the properties of sulfur compounds found in 
petroleum and in isolating and identifying sulfur 
compounds present in characteristic crude oils. 
Projects 52B and 52C have provided information on 
the separation of nitrogen compounds from crude 
oil and the preparation of highly purified nitrogen 
compounds for calibration standards and measure-
ments of the thermodynamic properties of pure 
nitrogen compounds. 
OP 120. ---. Review of Gold and Silver Mining 
Industry for the United States, Oalendar Year 1958. 
Annual Rept. of the Director of the Mint, FiRcal 
Year Ended June 30, 1959, Treasury Dept. Doc. 
3214. 1960, pp. 12-15. Presents a review of the 
United States gold and silver mining industry 
prepared from more detailed presentations in the 
Bureau's Minerals Yearbook (specifically, the chap-
ters on Gold and Silver in Volume I and the 
chapters on mineral production by States in Volume 
III). Indicates a continued decline in gold and 
silvE'r production. 
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OP 121. Burgess, David. Rev. of "Oombnstion, 
Flames, and Explosions of Gases," by Bema I'd 
Lewis and Guenther von Elbe. J. Ohem. Education, 
v. 39, No.4, April 1962, p. A 312. Evaluates the 
second edition of a book that is the most com-
prehensive treatment of the basic aspects of com-
bustion. Subject matter is organized accordirig to 
chemistry and kineti('s of oxidation rE'actions, 
propagation of combustion waves and detonation 
wa ves, sta te of the burned gas, and problems in 
teclmical combustion processes. 
OP 122. BUl'gesR, David, and .J. Grumer. Com-
ments on "The Burning Rate of Liquid Fuels From 
Open Trays by Natural Convection," by D. B. 
Spalc1ing. Fire Res. Abs. and Rev., v. 4, No.3. 
September 1962, pp. 236-238. Discusses Spalding's 
conveetion theory and compares some experimental 
burning-rate values with those predicted from 
Spalding equations. 
OP 123. Burgess. D. S., Joseph Grumer, and H. G. 
Wolfhard. Burning Rates of Liquid Fuel~ in Large 
and Sman Onen Trays. Internat. Symposium on 
the Use of Models in Fire Res., Nat. Aead. Sd.-
Nat. Res. Oouncil Pub. 186, June 1961, pp. 68-75; 
abs. in Fire Res. Abs. and Rev., v. 2, 1960. pp. 
10-11. Reveals measurements of the consumption 
rates of six single-component liquid fuels when 
burned in open trays. Results with butane, n-
hexane, benzene, and methanol are similar to those 
reported by Blinov and Khudiakov for gasoline 
and less volatile blended hydrocarbons. Burlling 
rates of liquid hydrogen and of unsymmetrical 
dimethylhydrazine are consistent with, although 
too meager to confirm, the same trends. Demon-
strates the usefulness of Hottel's semiquantitative 
analysis of heat transfer with new data on burn-
ing rates; heat transfer is predominantly radiative 
in most cases. When burning rates are extrapolated 
. to large tray dimensions, these extrapolated values 
are inversely proportional to the fraction of the 
flame's heat of combustion which is fed back to 
the liquid to maintain a steady evaporation rate. 
OP 124. Burgess, David, A. Strasser, and J. 
Grumer. Diffusive Burning of Liquid Fuels in 
Open Trays. Fire Res. Abs. and Rec., v. 3, No. 
. 3, September 1961, pp. 177-192. Gives data on the 
burning rate of several hydrocarbon blends con-
tained in shallow trays. Descri~es the effect of 
fuel temperature and of wind on burning rate. 
Fuels were methanol, liquefied natural gas, liquid 
hydrogen, two amine fuels, and four typical 
hydrocarbons. 
OP 125. . Callaway. H. M. Productivity in the Lead-
Zinc Mining Industry. Min. Eng., v. 13, No. 11, 
November 1961, pp. 1222-1224. Discusses trend ,of 
productivity in the industry as it is affected by 
grade of ore, technology, ano current market value. 
OP 126. Campbell, G. G., W. T. Wertman, T. E. 
Sterner, and E. L. Burwell. Progress Report 'on 
Underground Combustion Oil-Recovery Tests in 
Venango County, Pa. Producers Monthly, v. 28, 
No. 12, December 1964, pp. 12-16. Describes two 
underground combustion oil-recovery experiments 
conducted in the Reno oilfield to determine the 
feasibility of recovering oil ·from the Second 
Venango sand by .tne underground combustion 
process. There was no conclusive evidence that a 
self-sustained combustion wave was established in 
either of the experiments. The slight increase 
in oil production was attributed to the air drive 
established prior to and following ignition, rather 
than to combustion advance. 
OP 127. Campbell, William J. Analytical' Applica-
tions of K, L, and M Spectral Lines. Encyclopedia 
of X-Rays and Gamma Rays, ed. by George L. 
Clark; Reinhold Publishing Corp., New York. 1963, 
pp. 1016-1018. Presents rules. for selecting. the 
optimum X-ray spectral line for a variety of ana-
. lytiral problems. 
OP 128. ---. Apparatus for Continuous Fluo-
rescent X-Ray Spectrographic Analysis of Solutions. 
Applied Spectroscopy, v. 14, No.1, 1960, p. 26. 
Discusses a continuous solution analyzer. Repre-
sents an extension of a previous investigation on 
fluorescent X-ray spectrographic analysis of 
solutions. 
OP 129. ---. FlUorescent X-Ray Spectrographic 
Analysis of Trace Elements. Including Thin Films. 
Symposium on X-Ray and Electron Probe Analysis. 
American Society for Testing Materials, 1963. pp. 
4S-69. Discusses present status of X-ray spectrog-
raphy in determining trace elements ~n metal, 
powder, and solution samples. Limits of detect a-
bility range from 0.1 to 100 ppm, depending on the 
element being determined, sample composition, and 
the comnlexity of the X-ray spectra. Limits of 
d€'tertability range from 0.01 to 10 IJ,g for elements 
that have been preconcentrated chemically in a form 
suitable for X-ray spectrographic determination. 
OP 130. ---. Intensities of the K, L, and M 
Spectral Lines for the Elements Atomic Numbers 
19 to 92. Advances in X-Ray Analysis, ed. by W. 
Mueller. Plenum Press, New York, v. 3, 1959, pp. 
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109-129. Describes study in which line intensity 
and background measurements were made on the 
K lines for the elements with atomic numbers 16 
to 60, L lines for the elements above atomic numuer 
42, and 1\-1 lines for elements above atomic num-
ber SO. Three classes of samples-infinitely 
thick, microgram deposits, and thin layers-were 
in vestiga ted. 
OP 131. Campbell, William J., and James D. 
Brown. X-Ray Absorption and Emission. Anal. 
Chern., v. 36, No.5, April 1964, pp. 312R-32SR. 
Surveys the literature on X-ray' absorption and 
emission, with emphasis on the fundamental ad-
vances achieved in X-ray spectrography and elec-
tron-probe microanalysis. CQvers the period from 
December 1961 to November 1963. 
OP 132. Campbell, William J., and Olark F. Grain. 
Thermal Expansion of Alpha-Alumina. Ch. in 
Advances iIi X-Ray Analysis, ed. by W. Mueller . 
Plenum Press, New York, v. 5, 1962, pp. 244-256. 
256. Thermal expansion characteristics of alpha 
alumina were olJtained by high-temperature X-ray 
diffractometer techniques. Bureau values and pub-
lished values were critically eval ua ted. 
OP 133. Campbell, 'V. J., and J. W. Thatcher. 
Determination of Calcium in Wolframite Ooncen-
trates by Fluorescent X-Ray Spectrography. Proc. 
7th Ann. Conf. on Ind. Application of X-Ray Analy-
sis, University of Denver Press, 1955, pp. 313-332. 
Describes investigation to develop a rapid, accurate 
method of analysis for small amounts of calcium 
in wolframite concentrates by fluorescent X-ray 
spectrogra phy. 
OP 134. Capp, J. P. Research Program Seeks New 
Uses for Fly Ash. Elec. Light and Power, v. 42, 
No. 10, October 1964, pp. 36-38. Discusses possible 
commercial uses of fly ash with emphaSis on meth-
ods of developing processes for sintering fly ash 
'into lightweight aggregates. 
OP 135. Cargill, R. W., J. Smith, and J. P. McGee. 
Coal-Fired Gas Turbine Completes Run With New 
Blades. Power Eng., v. 6S, No.5, May 1964, pp. 
47-48. Describes tests of the coal-fired gas turbine 
using blades of a new design. 
OP 136. Cargill, R. W., Jack Smith, D. C. Strim-
beck, and H. R. Bankhead. Feeding Coal to a 
Gas Turbine-Operation, of . LCD Coal-Feeding 
Equipment. Combustion, v. 34, No. 10, April 1963, 
pp. 48-52. Describes the operation of a coal pump 
and a rotary attrition-type coal pulverizer in one 
of the coal-feeding systems for the Bureau's ex-
perimental con I-fired gas turbine plant. This 
article is the third in a series. 
OP 137. Caspero, N. A., W. T. Wertman, and Q. E. 
Wood. Thermal Oil Recovery Experiment in the 
Pennsylvania Middle District Producing Areas. 
Producers Monthly, v. 25, No.2, 'February 1961, 
pp. 27-2S. Bureau of Mines engineers have studied 
the feasibility of the underground combustion 
method for recovering Pennsylvania Grade crude 
oil. Although laboratory work has not been com-
pleted, results indicated that a combustion wave 
could be propagated through a high-gravity. oil-
saturated sand at about 7000 F. The site of' the 
experiment was the Quaker State Oil Refining 
Corp. Hunter lease in the Goodwill Hill-Grand 
Valley field, Southwest district, Warren County, Pa. 
OP 138. CaAsel, H. M., and 1. Liebm:m. Combustion 
of Magnesium Partkles. 1. Oombustion and Flame, 
v. 6, No.3, September 1962, pp. 153-156. Evaluation 
of measurements of the lifetimes of magnesium 
particles (50- to 120-micron-diameter) burning in 
oxygen, air, 202 + SA, and 202 + SHe strongly 
supports the conclusion that the overall reaction is 
governed by duffusion, predominantly of oxygen 
atoms in the first three gases but of oxygen 
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molecules at the lower temperature in the heHum 
mixture. 
OP 139. Oassel, H. M., and I. Liebman. Oombustion 
of Magnesium Particles. II. Ignition Tempera-
tures and Thermal Oonductivities of Ambient At-
mospheres. Oombustion and Flame, v. 7, No.1, 
March 1963, pp. 79-81. Experimentally determined 
ignition temperatures of individual magnesium par-
ticles (20- to 120-micron-diameter) rise with di-
minishing particle size and with increasing thermal 
conductivity of the ambient atmospheres: 202 + 
8A < air < 202 + 8He. Data are consistent with 
the thermal theory of ignition here advanced, and 
thermal conductivity values derived from ignition 
temperature measurements agree well within theo-
retical expectation. 
OP 140. Note on the Sublimation of Am-
monium Perchlorate. J. Ohem. Phys., v. 34, No.1, 
January 1961, p. 343. On subliming NH4Cl04 in 
vacuo at 3000 0, a precipitate of liquid droplets is 
observed on the cool wall of the receptacle. In-
frared analysis of the collected condensate indicates 
about 60 percent HNOa, 28 percent HOI and 12 
percent HCl04. 
OP 141. Oattell, R. A. Disc. of "Recent Improve-
m€!Dts and Development Work Ooncerning Oil Shale 
Processing at Kvarntrop, Sweden," by Edmund K. 
B. Schjanberg and Ake R. L. Brandberg, and of 
"Oil Shale-Energy for the Future," by Fred L. 
Hartley and Claude S. Brinegar. Proc. 5th World 
Petroleum Cong., Sec. 2, June 1959, pp . .390-393. 
OP 142. Oazell, Gabriel F. Basic Minerals. Ohem. 
and Eng. News, v. 41, Sept. 2, 1963, pp. 91-101. 
Presents forecast of refined minerals production 
for the year 1963, based on actual data for the 
::first quarter of the year and on a general forecast 
of industrial and business activity for the year 
as a whole. 
OP 143. Ohamplin, J. B. F. Research on Field 
Problems on Injecting Solutions Into Permeable 
Rocks. Proc. 2d Ground· Disposal of Radioactive 
Wastes Oonf., Ohalk River, Canada, Sept. 26-29,. 
1961, TID 7628, 1962, pp. 324-343. Describes re-
search on one proposed means of disposal of radio-
active wastes, that of injection into geologic for-· 
mations at depth. Nuclear production plant wastes 
were simulated and injected into· samnles of sedi-
mentary rock obtained from outcrops, quarries, and 
deep wells. Changes in the chemicophysical charac-
teristics of the rocks are discussed. Tests show that 
injectivity can be maintained over a longer period 
of waste injection by monitoring the ionic balance 
and particle-size distribution of the waste stream. 
OP 144. Champlin, J. B. F., and H. N. A. Dunning. 
Geochemical Investigation of the Athabasca Bitu-
minous Sands. Econ. Geol., v. 55, 1960, pp. 797-
804. Furnishes quantitative determination of the 
metal-porphyrin and porphyrin aggregate <;ontents 
of the Athabasca oil formations. Subdivides these 
fractions by alcohol extraction and extensive 
chromatog-raphy. The correlations of the vanadil,lm, 
nickel, and porphYrin contents of the Athabasca oil 
and other asphaltic oils, which are unweathered, 
show thl'lt the Athabasca oil has not been subjected 
to extensive weathering despite its present thin 
overburden. 
OP 145. Ohamplin, J. B. F., R. D. Thomas, and A. 
D. Brownlow. Techniques of Outcron Rock Sam-
pling. Oil and Gas J., v. 61, No. 38, Sept. 23, 1963, 
pp. 274-277. Describes two rock drills which are 
USE'd for ::mmpling outcrops for general areal studies 
and lahoratory research on the physiral and chemi-
cal characteristics of natural pE'rmeable porous 
media. One drill is hand held and is powered by 
a small battery pack; the other is mechanically 
braced and powered by a truck-mounted generator. 
OP 146. Ohang, Ta Ohuang Lo, and Olarence Karl', 
Jr. Gas-Liquid Chromatographic Analysis of Aro-
matic Hydrocarbons Boiling Between 202 0 and 2800 
in a Low-Temperature Ooal Tar. Anal. Ohim. 
Acta, v. 24, April 1961, pp. 343-356. Employment 
of the effective combination of gas-liquid chroma-
tography and spectrophotometry permits the iden-
tification of 48 compounds. Of the identified 
compounds, 20 are alkylnaphthalenes, including all 
isomeric dimethylnaphthalenes except the 1-8 iso-
mers. The rest of the identified compounds in-
clude methylated indans, tetralins, indenes and 
biphenyls, and some oxygenated aromatic hydro-
carbons. Cyclohexylbenzene and 2a, 3, 4, 5-tetra-
hydro acenaphthene, which had never been reported 
in any low-temperature tar, were also found. Quan-
titative determinations were made on nearly all 
of the compounds. 
OP 147. ---. Gas-Iliquid Ohromatographic Analy-
sis of C1O-C16 n-Paraffins, Isoparaffins, and a-Olefins 
in a Low-Temperature Ooal Tar. Anal. Ohim. Acta. 
V. 26, No.5, May 1962, pp. 410-418. Describes the 
identification, by means of gas-liquid chromato-
graphy, of 21 organic compounds contained in a 
low-temperature bituminous coal tar, including 14 
paraffins and 7 alpha-olefins. Quantitative deter-
minations were made on all of these constituents. 
OP 148. Churchward, P. E., and J. B. Rosenbaum. 
Rhenium Recovery by Solvent Extraction and 
Electrodeposition. J. Metals, September 1963, pp. 
648-650. Describes a procedure developed by the 
Bureau to recover rhenium in the form of elec-
trolytic flakes by electrowinning the metal from a 
solvent-extraction strip solution. The recovered 
rhenium contains only about 1 percent molybde-
num and spectrographic traces of other impurities, 
such as copper, aluminum, calcium, chromium, iron, 
platinum, and silicon. Uses and properties of 
rhenium are discussed, and conventional recovery 
methods are reviewed. 
OP 149. Clites, P. G., and E. D. Oalvert. Labo-
ratory Casting High-Temperature Metals. J. Met-
als, v. 13, No.2, February 1961, pp. 136-138. A 
furnace, developed as a laboratory tool for studying 
the application of skull-casting techniques to high-
temperature metals, has been used to produce small 
castings of various reactive and refractory metals. 
Because of its small size the apparatus has been 
useful in studying the casting characteristics of 
costly and hard-to-melt metals. 
OP 150. Cochran, A. A., and V. R. Miller. Radio-
isotopes as Aids to Metallography. J. Metals, v. 
15, No. 12, December 1963, pp. 914-917. Describes 
a variety of radiotracer techniques for the deter-
mination of cerium, sulfur, and carbon distribution 
in steels and for the identification of steel 
inclusions. 
OP 151. Oogan, Edward, Controlled-Atmosphere 
Quartz Ignition FUrnace. Ohemist-Analyst, v. 51., 
October 1962, p. 84. Describes a furnace in which 
ignitions can be performed in a reducing or inert-
gas atmosphere. 
OP 152. ---. Determination of Trace Bromine. 
Anal. Chern., v. 34, May 1962, p. 716. Describes a 
method for quantitative spectrophotometric deter-
mina tion of bromine. 
OP 153. ---. Separation of Cobalt From Its 
Alloys and Ores With I-Nitroso-2-Naphthol. Anal. 
Chern., v. 32, No.8, July 1960, pp. 973-975. Cobalt 
is separated from its alloys and ores with 1-nitroso-
2-naphthol .and subsequently is determined colori-
metrically with nitroso-R salt. The cobalt 1-nitroso-
2-naphthate is e;x:tracted with chloroform; the 
chloroform is evaporated; the residue is ashed with 
perchloric and sulfuric acids; and the cobalt salt 
is taken up in water and determined with nitroso-R 
salt. 
OP 154. Cogan, Edward, Harry Freund, and Peter 
Romans. Modification of Beckman DK-2 Spectro-
photometer Circuitry and Operation. Anal. Chim. 
Acta, v. 23, 1960, pp. 294-295. Reveals modifica-
tions of the procedure and circuitry of the Beck-
man DK-2 automatic recording spectrophotometer 
which improve the spectrophotometric determina-
tion or detection of ions having low molar absorp-
ti vities (such as rare earths). 
OP 155. Colbassani, P. J. A Method of Mounting 
Small Samples for Diffractometer Analyses. No-
relco Rep.orter, v. 10, No.3, July-September 1963, 
p. 93. Describes a method of mounting small 
samples for diffractometer analyses; describes the 
preparation and use of soluble starch wafers for 
backing samples too small to fill the cavity of the 
holder. 
OP 156. Colby, Donald. Recent Changes in Bureau 
of Mines Petroleum Statistics. Oil Daily, Nov. 15, 
1960, p. 35. Enumerates changes and additions to 
petroleum statistics that were made as of JaJluary 
1,1960. 
OP 157. Colby, Donald S. and Warren E. Morrison. 
The Role of the Bureau of Mines in Petroleum 
Economics and Statistics. Document of United 
Nations Economic Commission for Asia and the 
Far East, No. 1 & NR/Sub. 3/60, April 20, 1960. 
This short paper on the general background and 
purposes of the petroleum reporting program of the 
Bureau of Mines is deSigned to familiarize coun-
tries with emerging petroleum industries with the 
techniques and procedures used by the United 
States Government in this field. 
OP 158. Coleman, H. J., C. J. Thompson, R. L. 
Hopkins, N. G. Foster, M. L. Whisman, and D. M. 
Richardson. Identification of Benzo (b) thiophene 
and Its 2- and 3-Methyl Homologs in Wasson, 
Texas, Crude Oil. Chern. Eng. Data, v. 6, No.3, 
July 1961, pp. 464-468. Reports the· identification 
of benzo (0 )-thiophene (thianaphthene) and two 
of its homologs (2- and 3-methvlbenzol (b) thio-
phene) in sulfur concentrates obtained from Was-
son crude oil distillates. 
OP 159. Coleman, H. J., C. J. Thompson, R. L. 
Hopkins, and H. T. Rall. Gas-Liquid Chromato-
graphy. Proc. API, v. 42, sec. 8, 1962, pp. 76-80. 
Discusses past, present, and future gas-chromato-
graphic techniques applicable to sulfUr and nitrogen 
compound separations and identifications conducted 
by the Bureau of Mines in cooperation with API 
Projects 48 and 52. 
OP 160. Collins, A. Gene. Eh and pH of Oilfield 
Waters. Producers Monthly, v. 28, No.9, Septem-
ber 1964, pp. 11-12. Describes and illustrates an 
apparatus for determining Eh and pH of oilfield 
waters. Discusses applications of Eh and pH 
measurements of oilfield waters. 
OP. 161. ---. Flame Spectrophotometric De';' 
termination of Barium in Oilfield Brines. Pro-
ducers Monthly. v. 27, No.2, February 1963, pp. 
2-6. Describes development of a flame spectro-
photometric method for determining barium in 
oilfield brines. The determinations were made on 
ethanol solutions of barium concentrates which 
were separated from the brines by precipitation as 
chromate. A Farnsworth 6836/FW118 photo-
multiplier tube was used in the detection system 
and the emission intensities were measured at 
873 m,L. 
OP 162. ---. Flame Spectrophotometric De-
termination of Cesium and Rubidium in Oil Field 
Waters. Anal. Chem., v. 35, No.9, August 1963, 
pp. 1258-1261. Describes development of a flame 
. spectrophotometric method for determining cesium 
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and rubidium in oilfield waters, with a sensitivity 
permitting detection of less than 0.05 mg. per liter. 
Nitl'oethane was selected and used for the ex-
tractions and flame spectrophotometric determina-
tions, and radiotracer methods using cesium 137 
and rubidium 86 were used to estimate the extrac-
tion efficiency. 
OP 163. Collins, A. Gene. Flame Spectrophoto-
metric Determination of Lithium in Oilfield Brines 
by an Internal-Standard Method. Vapor Pressure, 
v. 30, No.3, March 1960, p. 62. Describes an in-
ternal-standard flame spectrophotometric method 
that meets the need for a rapid, sensitive, and precise 
method of determining lithium in oilfield brines. 
OP 164. ---. Flame Spectrophotometric De-
termination of Manganese in Oilfield Brines. Pro-
ducers Monthly, v. 26, No.7, July 1962, pp. 22-23. 
Describes a flame spectrophotometric method for 
determining manganese in oilfield brines. Normal 
propanol was used to· increase the emissivity after 
an extraction .of the manganese 8-hydroxyquinoline 
complex with chloroform. 
OP 165. ---. Flame Spectrophotometric De-
termination of Potassium in Oilfield Brines. Pro-
ducers Monthly, v. 26, No.9, September 1962, pp. 
28-29. A flame spectrophotometric method for 
determining potassium in oilfield brines was de-
veloped. A red-sensitive multiplier phototube was 
used to determine potaSSium by a standard-ad-
dition technique at 768 mp.. 
OP 166. ---. Flame Spectrophotometric De-
termination of Strontium in Oilfield Brines. Pro-
ducers Monthly, v. 26, No. 12, December 1962, pp. 
24-25. Describes the development of a standard-
addition flame spectrophotometric method to de-
termine strontium in oilfield brines. Ethyl alcohol 
was used to increase the emissivity of strontium at 
680 mp.. Oilfield brines from several formations 
were found to contain strontium. 
OP 167. Collins, A. Gene, and Thomas G. Ebrey. 
Spectrophotometric Determination of Zinc in Oil-
field Brines. Producers Monthly, v. 26, No.7, 
July 1962, pp. 29-31. Gives a procedure for de-
termining zinc in oilfield brines by spectrophoto-
metric methods. Dithizone was used to separate 
the zinc from most interferences, and Zinc on was 
used to form a colored zinc complex. 
OP 168. Collins, A. Gene, and Cynthia A. Pearson. 
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Chelatometric Determination of Calcium and Mag-
nesium in Oilfield Brines. Producers Monthly, v. 
26, No. 10, October 1963, pp. 18-21. Describes a 
rapid and accurate chelatometric method of analyz-
ing oilfield waters for calcium and magnesium. 
Interference from barium and strontium is elimi-
nated by their precipitation as chromates. 
OP 169. ---. Emission Spectrometric Determi-
nation of Beryllium in Oilfield Waters Using Plas-
ma Arc. A.nal. Chem., v. 36, No.4, April 1964, pp. 
787-789. Gives details of an emission spectrometric 
method utilizing plasma arc thnt was developed 
for determining beryllium in oilfield waters. De-
tection limit is less than 1 part per billion. 
OP 170. Collins, A. Gene, and J. Wade Watkins. 
Determination of Potassium in Oilfield Brines. Pet. 
Eng., v. 31, No. 12, November 1959, pp. B94, B98, 
B102. Describe a sensitive and relatively simple 
procedure for determining potassium in oilfield 
brines. The brine sample is acidized and boiled to 
remove ammonium ions, and sodium tetra phenyl-
boron solution is added to precipitate the potassium 
as potassium tetraphenylbol'on. The precipitate is 
filtered, dried, weighed, and results reported as 
parts per million of potassium. Precision and ac-
curacy of the method were found to be within 
acceptable limits. 
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OP 171. Oollins, A. Gene, and J. Wade Watkins. 
Potentiometric Determination of pH, Alkalinity, 
Acidity, Borate Boron, Total Boron, and Organic 
Bor-on in Oilfield Brines. Producers Monthly, v. 4, 
No.3, January 1960, pp. 32-34. Preesnts a potentio-
metric method for determining pH, alkalinity, acid-
ity, borate boron, total boron, and organic boron 
successively in oilfield brines without preliminary 
separations. The procedure is sensitive, simple, and 
relatively free from interference. 
OP 172. Oook, Alton B. Disc. of "The Pickton 
Field-Review of a Sucessful Gas Project," by J. 
H. McGraw and R. E. Lohec. J. Petrol. Technol., 
v. 16, No.4, April 1964, pp. 399-405. • 
OP 173. Oook, Glenn L. The Mass Spectrometry 
of Organic Nitrogen Oompounds. Proc. API, v. 42, 
sec. 8, 1962, pp. 73-74. Reviews the present status 
of the lllass spectrometry of nitrogen compounds, 
with emphasis on those found in high-boiling 
fractions of petroleum. Nitrogen compounds in 
petroleum identified by mass spectrometry have 
included pyrroles, inoles, pyridines, quinolines, and 
carbazoles. The reference cOlllpounds are not in 
the molecular weight range of interest so that an 
extrapolation is required for their spectra to be 
useful. 
OP 17-1:. Oook, Glenn L., and N. G. Foster. Relation of 
Molecular Structure to Fragmentation of Some 
Sulfur Compounds in the Mass Spectrometer. Proc. 
API, 1961, v. 41, sec. 3, 1962, pp. 199-214. 
Gives mass-spectral molecular-structure correlations 
for thiophenes, sulfides, thiols, and disulfides. The 
thiophenes are discussed in terms of a ring ex-
pansion hypothesis. Cyclic. intermedia tes are pro-
posed to explain ion formation in the mass spectra 
of thiols and sulfides. The ions in the disulfide 
spectra are formed in a straightforward manner 
from the parent ions. Some unnsual electronic 
structures, involved in the formation of some of the 
ions, are discn::;sed in terms of a 10-electron outer 
shell in the sulfur atom. 
OP 175. Oopeland, Mark, and Haruo Kato. Gado-
linium Alloys of Iron, Ohromium, Nickel, and Stain-
less Steel. Cll. in Rare Earth Research, Gordon 
and Breach. New York, 1962, pp. 133-141. Phase 
dingrams of the binary alloys of iron-gadolinium, 
l1ieli:el-gadolinium, and iron-chromium were de-
termined by melting point determinntions, thermal 
analyses. X-ray <'Iiffrartion. and fluoresrent analYRes. 
The stainlE'ss st~e]-gadolinil1m pseudo binary dia-
gram as oh::;erved at this time is presented. 
OP 176. Corey, RiC'hard O. Disc. of "Corrosion of 
SupE'rhf>ntPrs anel Reheaters of Pulverized 000.1-
Fired Roilers," hy Wharton Nelson and Cnr1 Cain, 
Jr. Tram;. ASME, J. Eng. for Power, July 1960, 
PP. 11).4-204. 
OP 177. ---. Disc. of "External COTToRion of 
Snperhenter::; in Roilers Firing High-Alkali Conls," 
hy E. K. Diehl and n. H. Barnhart. Trnns. ASME, 
J. Eng. for Power .. Tuly H)fiO. pp. 181-103. 
OP 1iS- ---. Fn(>ls and Th(>ir Utilizfltion. Oh. 
in Riegel's In<'iu::;trin1 f'hemistry. Rf'inhold Pub-
lishing Go .. Nf>w York, N.Y .. rev. eft hy .T. A. Kent, 
1!)62, pp. 3fi-(i;'). Reviews the statistiC'~, mining or 
1'(>rm'ery. pro('(>ssing, properties. and utilization of 
('onl. petrol!'um, and natural gas. 
OP l7n. ---. Pro('e::;s Variable Study of Inrin-
eration TIRing TnngE'ntinl Ovel'fire Air. n.s. 
AtomiC' Fln(>rgy Commission. Wash-14fl. Air OlE'an-
inl! Seminar. Ames Lflhoratory. Sept(>mb(>l' 1;,)-17, 
1nrl2. Pllhlishf'd May 10fi2. pn. 1!)4-1~O. Desrrihes 
E'xPE'riments in a rYlindriral incinerator employing 
100 PE'l1'eent tangE'ntial oVE'rfire ail'. Ji1ffirient ('om-
bm;;tion ohtnined at nhout 40 perrent exress air. 
OP 180. Corg-an. Jm.:;pph A. AnthrMite. Min. Congo 
J., v. 47, No.2, February 1961, pp. 95-97. The 
available· economic barometers indicated that 1960 
was a poor year for the anthracite industry. One 
of the more serious problems was satisfying fully 
an expanding market for the low-priced fine sizes 
while the search continued for new uses and mar-
kets for the larger coals. 
OP 181. Coryell, R. L., and W. H. Ode. Progress 
Report on International Standardization Relating 
to Ooal and Ooke. Min. Congo J., v. 49, No. 12, 
December 1963, pp. 49-51. Reviews progress in 
developing international standards for sampling, 
analysis, and testing of coal and coke. 
OP 182. Cotter, Perry G. Stone and Stone Prod-
ucts. McGraw-Hill Yearbook of Sdence and Tech-
nology. McGraw-Hill Book Oompany, Inc., New 
York, 1963, pp. 534-536. Discusses present uses and 
demand for stone and stone products. 
OP 188. Cra'vvford, John E.Bureau of Mines Will 
Have Versatile 00°0 Installation. Nueleonics, V. 20, 
No.5, May 1962, pp. 100-103. Describes the Bu-
reau's 132.000-curie Co60 irradiation facility at the 
Albany (Oreg.) Metallurgy Resea rch Oenter. 
OP 184. Crentz, William L. Ooal Preparation 
Technology and Trends in the United Stutes. Symp. 
on Coal, Zonguldalc, Turl{ey, December 1961, Office 
of U.S. Coordinator for CENTO Affairs, 1962, pp. 
282-290. Discusses the meaning of "coal prepara-
tion," as the term is used in the United States, 
and describes mechanical coal-cleaniI)g methods, 
including coarse-coal ~leaning, fine-coal cleaning, 
froth flotation, and thermal drying. 
OP 185. ---. Federal Ooal Research in 1962. 
Min. Oong. J., V. 49, No.2. February 1963, pp. 
64-66, 69. Gives brief discussion of 1963 Bureau 
coal research in hydraulic mining methods, rigid 
foam for roof c~:mtrol Ilnd ventilati{)ll improve-
ment, sulfur reduction in prepared coal, pipeline 
trnnRportn tion of coarse coal, injection of coal into 
the hlast furnnce, and other areas. 
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OP 186. Orentz, William L., and A. W. Deurbrock. A 
Review of Coal Preparation Advances Abrond. 
Min. Congo J., V. 49, No. 10, October 1963, pp. 88-92. 
Discusses coal preparation technOlogy in foreign 
conntries. including fine coal washing, ash control, 
desulfurization, dewatering, electri('al crushing, and 
thermal drying. Reviews the Bureau's investiga-
tions of new ideas for possible application in the 
United States. 
OP 187. Cuffe, S. T., R. W. Gerf'ltle, A. A. Orning, 
and O. H. Schwartz. Air Pollutant Emissions 
From Ooal-Fired Power Plants: Report No.1. J. 
Ail' Pollution Oontrol Assoc., v. 14. No.9. Reptem-
bel' 1964, pp. 35~-362. Presents the rE'Rults of a 
study of air pollutant emiSSions from two types of 
cORI-burning powerplant furnMes. Gives dflta on 
oxides of sulfur, oxides of nitrogf'n. ~olid particu-
late, polynncleflr hydro('arbons, organic acids, and 
trare gaR(lOnS components. 
OP 188. Cummins. J .. J.. nnd W. E. Robinson. Nor-
mal and Isoprenoid Hynrocarbons Isolated from 
Oil-Shale Bitumen. .1. ('hem. ann Eng'. Dfltl1, V. 9, 
No.2. InM. pp. 304-R07. Gives information on 
normal and isoprenoid parnffins whif'h W(lre iOf>n-
tifiNl in a hitumen from ('olorfldo oil sl1flle. Ood 
cnrhon numhered n-pnrflffins WE'll'e prp~ent in grenter 
qnantity than E'VE'ln ('arhon numheren lI-paraffins 
l'lnfl five isonl'enoio romnollnns WPl'P toentifiei!. 
OP 1 Rn .. Dfll7.el1. R. Cnrson. nno JamE'lR P. 1\ff'Gpe. 
IndirE'ct (;vrle Nnrlear R(>adol' Ry~tpm To Furnish 
Proress Hpflt.Olwm. FJng. Prog .. R"'mp. SPl' .. V. nn, 
No. 22. 1fl!)!). pp. 111-l1R ne!':('rihE'l~ a theoretirnl 
pro('ef'l::; hpnt refl('tnr whirh wOlll(l provinf' E'lnerg'Y 
for sllnplying ('Ilf'miraI proresf'l IWflt. ConsidE'lrs the 
use of Dlwleflr pro('eRs hent for roni g'flRifiC'atjon. 
OP 1nO. Dalzell, R. W., ann D. S. King-ery. YE'nti-
lation Problems and Possible Oorrective Measures 
in Operating Continuous Mining Machines in Low 
Coal Seams. Trans. 47th Nat. Safety Oong., 
v. 7, 1959, pp. 4~-46; abs. in Ooal Age, v. 
64, No. 12, December 1959, p. 139. Describes tests 
demonstrating the feasibility of utilizing a diffuser-
assisted line brattice for ventilation of full face 
continuous-mining equipment. Tests show that this 
equipment can reduce the methane concentrations 
outl>y the miner head to a maximum of about 2 
'Percent for face liberation'S of methane up to 15 
cubic feet per minute. 
OP 191. Damon, Glenn H. Low Cost Blasting 
Agents. J. Mines, Metals, & Fuels. v. 10, Special 
Issue, 1962, pp. 305-313. Discusses use of a 
stoichiometric mixture of ammonium nitrate and 
fuel oil that has given the mining industry a low-
cost blasting agent which has proved surprisingly 
efficient in a wide range of applications. With 
careful control of· composition and application, sub-
stantially equivalent breakage can be obtained at 
notable saving over the cost of dynamite and simi-
lar fixed explosives for many opencast mining and 
quarry operations. 
OP 192. ---. Safety and Efficiency in Hole 
Loading and Blasting with AN-FO. Pit and Quarry, 
v. 56, No.6, December 1963, pp. 89-94. Discusses 
mt'thods of handling ammonium nitrate blasting 
agt'nts and shows that operations believed to rep-
resent maximum safety will also result in the best 
performance. 
OP 193. D'Andrea, D. V., R. L. Fischer, and D. E. 
Fogelson. Prediction of Oompressive Strength 
From Other Rock Properties. Oolorado Sch. Mines 
Quart., v. 59, No.4, October 1964, pp. 623-640. 
Gives determinations of 9 rock properties for rocks 
from 49 locations having a wide range of compres-
sive strengths. Eight of the properties with some 
of their squares and cross products were used as 
independent variables in a stepwise multiple linear 
regression analysis to obtain several equations for 
predicting compressi ve strength. The prt'diction· 
equations had multiple correlation coefficients 
ranging from 0.947 for an equation with 1 variable 
(point load tensile strength) to 0.986 for an equa-
tion with 25 variables. 
OP 194. Dean, K. C., D. A. Elkins, and B. H. Clem-
mons. An Evaluation of Thermic Production Meth-
ods for Magnesium. J. Metals, v. 16, No.7, July 
1964, pp. 564-568. Reports preliminary technologi-
cal and cost evaluation studies of thermic magne-
sium production methods. and describes two hypo-
thetical plants used in the studies-one based on 
carbothermic techniques, the other on metallother-
mic techniques. . 
OP 195. DeOarlo, J. A., and Harry Perry. Coal 
Ohemicals for World Markets. Proc. Blast Fur-
nace, Ooke Oven, and Raw. Materials Coni .. AIME, 
v. 18, 19!'59, PP. 292-309. Tabulates production and 
consumption of crude tar, light oil, ammonia, and 
thf'ir principal derivatives for the United ~tates 
and 16 other nations. Shows that the international 
dt'mnnd for theRe chemicals is outstripping the ca-
pfl('ity of the coke industry, which obtains them as 
inC'idt'ntnl prOdl1('ts in carbonizing bituminous coal 
at high tt'mpNatllres to make blast-furnace fuel. 
Althongh chemicals ohtained in processing natUral 
gns aml pt'trolf'um will be neeoed to augment those 
from coal in the immedinte future, coal may ulti-
mn t€'ly r€'gnin ib~ position as the principal snp-
plier of C'hf'mical rnw materials as new mf'thods 
for f'xtraC'ting coal rlH'mi('als become economic. 
OP 1 nfl. nf'('ora, Andrew W., and G. U. Dinneen. 
Gas-Liquid Chromatography of Pyridines URing a 
N€'w Solid Snpport. Anal. Ohern., v. 32, No.2, 
Fehrnary 1960, pp. 164-169. Describes it solid 
support developed for the gas-liquid chromatogra-
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phy of pyridines; it is superior to Chromosorb or 
Celite 545. The support was used to study the 
selectivity of several nonpolar and slightly polar 
liquid substrates. The study was used to select 
two columns employed in series to separate a test 
mixture of 14 pyridines. 
OP 197. Decora, Andrew W., and G. U. Dinneen. A 
'Solid Support for the Gas Liquid Ohromatography of 
Strongly Basic Nitrogen OOlllpounds. (Jh. in Gas 
Ohrolllatography. Academic ~ress, Inc., New York, 
19t)1, pp. i3i3-i3~; Proc. Instr. Soc. America, v. 2, 1959, 
pp. 1~-15. Describes a solid support developed for 
the gas-liquid chromatography of nitrogen com-
pounds of pKa range 6-11. The support was ob-
tained by depositing 10 grams of potassium hy-
droxide on 100 grams of a solid SUIJport recently 
developed by the authors for analyzing pyridines. 
The modified support gave symmetric peaks for 13 
nitrogen compounds in the pKa range studies when 
nonpolar liquid substrates were used. This sup-
port allows the use of nonpolar liquid substrates 
for the analysis of basic compounds. 
OP 198. .Deul. Maurice. Methane Drainage From 
Ooalbeds: A Program of Applied Research. Proc. 
60th Meeting, Rocky Mountain Ooal Mining lnst., 
June 30-July 1, 1964, Colorado, 1964, pp. 54-(j0. 
Discusses research in degasification of coal beds in 
the United States. The current research has these 
objectives: Predicting methane concentrations in 
coalbeds; establishing the geological conditions that 
contril.mte to abnormal methane concentrations in 
coalbeds; assessing the physical properties of coal 
and adjacent strata that influence the retention 
and emission of methane; studying the effect of coal 
extraction on the emission of methane; and devis-
ing and testing methods for effectively draining 
methane from coalbeds prior to mining. 
OP 199. Deurbrouck, Albert W., and Eugene R. 
Palowitch. Cleaning Fine Coal on Concentrating 
Tables. Proc. 4th Internat. Ooal Preparation Congo 
1962. . Published 1963, pp. 181-192. Describes 
a study of the use of wet concentrating tables for 
cleaning fine coal. Performance of the table prod-
ucts by size fractions indicates tabling efficiency 
decreases below 48 mesh. Feed to the tables dur-
ing these tests· included a low-volatile' Pocahon-
tas coal, a medium-volatile Elkhorn coal, and a 
high-volatile Pittsburgh coal. 
OP. 200. DeVaney, ·Will E., J. B. Dalton, and James 
C. Meeks, Jr. Vapor-Liquid Equilibria of the 
Helium-Nitrogen System. J. Ohern. and Eng. Data, 
v. 8, No.4, 1963, PP. 473-478. Presents extensive 
experimental data on the helium-nitrogen system, 
compares the results with those reported by other 
investigators, and tabulates this information in 
useful form for engineering calculations. A win-
dowed phase-equilibrium appnratus was employed 
to obtain phase equilibria data for temperatures 
from 76.5 0 to 1200 K and pressures from 200 to 
2,000 psia. A compilation of experimental vapor-
liquid values and equilibrium constants, K, for 
helium and nitrogen are included. 
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OP 201. Devine, James F. Vibration Levels From 
Multiple Holes per Delay Quarry Blasts. Earth-
quake Notes, v. 33, September 1962, pp. 32-39. 
Gives data on 12 tests conducted by the Bl1rf'UU 
in 4 quarries in Iowa to det€'rmine if the mpthod 
of blaRt initiation has an effect upon the levf'l of 
vibration from quarry blasts employing more than 
1 hole per delay. Three of the more common levels 
of blast initiation were studied. 
OP 202. Dinnet'n, G€'rald U. Sulfur and Nitrog€'n 
Compounds in Shale Oil. Proc. API, v. 42, sec. 8, 
1962, pp. 41-44. Summarizes present knowledge 
of the sulfur and nitrogen compounds in shale oil. 
The contents of these elements in shale oils from 
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different sources are given. The individual thio-
phenes and pyridines identified from a Colorado 
shale-oil naphtha are discussed. 
OP 203.' Douglas, Sanford J. Electrical Safety in 
Mining. Mechanization, v. 27, No.8, August 1963, 
pp. 28-30. Reviews advances in electrical-equip-
ment safety requirements with special reference 
to trailing cables. 
OP 204. Douslin, D. R. Pressure-Volume-Tempera-
ture Relations and Intermolecular Potentials for 
Methane and Tetrafluoromethane. Ch. in Progress 
in International Research on Thermodynamic and 
Transport Properties. ASME, New York, 1962, 
pp. 135-146. Gives second, third, and fourth virial 
coefficients of methane and tetrafluoromethane, 
determined from measured P-V -T properties. Re-
sults were used to test five theoretical potential 
functions. 
OP 205. Douslin, D. R., R. H. Harrison, R. T. 
Moore, and J. P. McCullough. P-V-T Relations for 
Methane. J. Chem. and Eng. Data, v. 9, No.3, 
July 1964, pp. 358-363. Measurements of the gas 
compressibility of methane were made in the region 
0-350° 16-400 atm, and 0.75-12.5 mole liter-1 • 
From these results, values were derived for the 
compressibility factor Z-PV /RT (th.) ; second, third, 
and fourth virial coefficients, B, C, and D, respec-
tively, in the equation PV-RT(th.) (l+B/V+C/ 
V2 +D/V3+ ... ); and parameters of the Beattie-
Bridgeman and Benedict-Webb-Rubin equations of 
state. 
OP 206. ---. Tetrafluoromethane: P-V-T and 
Intermolecular Potential Energy Relations. J. 
Chem. Phys., v. 35, No.4, October 1961, pp. 1357-
1366. Measurements of the gas compressibility of 
tetrafluoromethane were made in the region, 0°_ 
3500 , 15-394 atm. From these results, values of 
the compressibility factor Z-PV /RT, the second, 
third, and fourth virial coefficients, and the param-
eters of the Beattie-Bridgeman and Benedict-Webb-
Rubin equations of state were derived. The virial 
coefficients were correlated by the Lennard-Jones, 
Stokmayer, and Kihara intermolecular potential 
energy functions, and numerical values for the 
molecular parameters were obtained. Qne of the 
first tests of the theoretical fourth virial coeffi-
cient of the Lennard-Jones potential was made us-
ing the experimental fourth virial coefficients of 
tetrafluoromethane. 
OP 207. Dozois, C. L., R. W. Hurn, and R. L. Mills. 
Graphic Cam Programer is Easily Changed. Con-
trol Eng., v. 10, No.7, July 1963, p. 131. Describes 
an automatic controller to accomplish close control 
of repetitive engine test cycles. The heart of each 
control channel is a programer that translates the 
radial contour of a graphlc cam into a dc control 
signal. 
OP 208. Dunning, H. N., J. L. Eakin, W. N. Rein-
hardt, and C. J. Walker. Foaming Agents: Cure 
for Waterlogged Gas Wells. Petroleum Eng., v. 31, 
No. 12, November 1959, pp. B28-B33. Discusses 
the removal of 'water from gas wells with foaming 
agents, with special application to .marginal wells. 
Finds that it can be done at a cost of about $5 
per treatment. 
OP 209. Dunning, H. N., J. L. Eakin, and J. J. 
Walker. The Foam Method for Removal of Liquids 
From Gas Wells. Am. Chem. Soc., Div. of Petro-
leum Chem., Cleveland, Ohio, April 5-14, 1960, v. 
5, No.2, pp. A-19 to A-25. An inexpensive, new 
method for removing water from gas wells, by the 
use of foaming agents, has been developed. The 
value of the foam method, for periodic removal of 
water from gas wells, has been established by more 
than 50 fields tests. Recent field tests show that 
the method also is applicable for the continuous 
removal of water and the peri-odic removal of 
hydrocarbons from gas wells. 
OP 210. Dunning, H. N., and G. J. A. Janzen. 
Standard Dynamic Foam Test. J. Phys. Chem., 
v. 24, No.6, April 1960, p. 31. Describes a new, 
inexpensive method for removing liquids from gas 
wells by the use of foaming agents. The procedure 
was developed by the Bureau of Mines in coopera-
. tion with the American Gas Association. Explains 
the test procedure and indicates the results. 
OF 211. Dunning, H. N., J. W. Moore, Herman 
Bieber, and R. B. Williams. Porphyrin, Nickel, 
Vanadium, and Nitrogen in Petroleum. J. Chem. 
and Eng. Data, v. 5, No.4, October 1960, pp. 546-
549. Reveals the vanadium, nickel, and porphyrin 
contents of a variety of crude oils. Shows that 
3 to 10 percent of the vanadium in most vanadium-
rich oils is present as vanadium-porphyrin com-
plexes. 
OP 212. Dupuy, Leon W. Acid Mine Water. Proc. 
Interstate Commission on the Potomac River Basin, 
October 1962, pp. 36-38. Discusses briefly the 
problems of a-cid mine wa;ter control, the Bureau's 
research, and problems of rehabilitating mined-
out areas. 
OP 213. Duvall, Wilbur I. Vibration Levels From 
One Hole Per Delay Quarry Blasts. Earlhqul1ke 
Notes, v. 33, No.3, September 1962, pp. 24-31. De-
scribes a factorial deSigned experiment to deter-
mine if the number of delay intervals or the length 
of delay interval in a quarry blast has a significant 
effect on the vibration level. A statistical analysis 
of the data was performed, and the results show 
that over the range of the variables tested neither 
the number of delay periods nor the length of the 
delay interval has a significant effect upon the level 
-of vibration from quarry blasting. 
OP 214. Duvall, Wilbur 1., and David E. Fogelson. 
Review of Criteria for Estimating Damage to Resi-
dences From Blasting Vibrations. Abs. in Earth-
quake Notes, v. 22, September-December 1961, p. 
24. Deduces from a review of the literature that 
if vibration levels in the vicinity of residential 
.structures are maintained below a peak particle 
velocity of 2 in/sec, there is a low probability of 
causing any damage to structures. 
OP 215. Dwiggins, C. W., Jr. Automated Deter-
mination of Elements in Organic Samples Using 
X-Ray Emission Spectrometry. Anal. Chem., v. 
36, No.8, July 1964, pp. 1577-1582. Describes new 
automated X-ray methods for determining elements 
in organic materials, inc1uding petroleum and petro-
chemicals, using both X-ray emission and scatter 
methods. Methods for matrix effect and background 
corrections suitable for automated analyses were 
investigated in detail. Direct-reading analyses for 
some of the more routine determinations were 
achieved. The use of the new correction methods 
and techniques speeds analyses and requires much 
less operator attention for both routine and special 
analyses. 
124 
OP 216. ---. Carbon and Hydrogen Determina-
tion Using Intensity Ratios of Coherent to Inco-
herent Scattering of X-Rays. Encyclopedia of 
X-Rays and Gamma Rays, ed. by G. L. Clark. 
Reinhold Publishing Corp., New York. 1963. pp. 
113-115. Describes methods for the rapid C]uanti-. 
tative determination of carbon and hydrogE'n us-
ing scattered X-rays. The methods are appli(,flhle 
to petroleum and other organic ('h€'mi('al analysE'S. 
OP 217. ---. Quantitative DptE'rmination of 
Low Atomic Number Elements Using IntpRlty Ratio 
of Coherent to Incoherent Scattering of X-Rays. 
Determination of Hydrogen and Carbon. Anal. 
Chem., v. 33, No.1, January 1961, pp. 67-70. A 
new method based on the intensity ratio of co-
herent to incoherent scattering of X-rays has been 
developed for the determination of low atomic 
elements and been used to determine hydrogen and 
carbon in hydrocarbons, particularly petroleum, and 
in a matrix containing additional elements. Cor-
rections for the sulfur and nitrogen content have 
been developed. Carbon and hydrogen may be de-
termined in quadruplicate in 20 minutes or less. 
Conventional X-ray spectrographic equipment may 
be used without modification. The precision and 
accuracy of the method appear to equal or surpass 
those of conventional microcombustion methods for 
many types of samples. 
OP 218. Dwiggins, ,C. W., Jr. 'Trace Metals Deter-
mination in Petroleum by X-Ray ISpectrometry: 
Standardization and OonectionTechniques. Ency-
clopedia of X-Rays and Gamma Rays, ed. by G. L. 
Clark. Reinhold Pu!blishing Corp., New York, 1963, 
pp. 1071-1073. Describes X-ray methods for deter-
mining nickel, vanadium, and iron in petroleum. Sev-
eral methods for standardization and correction of 
experimental results are compared. 
OP 219. Dwiggins, C. W., Jr., and R. J. Bolen. 
Ultra centrifugal Determination of the Micellar 
Character of Non-Ionic Detergent Solutions, II. 
J. Phys. Chem., v. 65, No. 10, October 1961, pp. 
. 1787-1788. An analytical ultracentrifuge was used 
to determine the temperature dependence of the 
anhydrous, weight-average, micellar molecular 
weight of a poly-oxyethylated nonylphenol in aque-
ous solutions. Micellar molecular weights were 
determined several times under different conditions 
at each temperature. Partial specific volume~ were 
determined at each temperature. The micellar mo-
lecular weight of this detergent increased at a rate 
of 2,217 (± 66) molecular weight units per degree 
in the temperature range of 10.5° to 35.0°. 
OP 220. ---. Ultra centrifugal Determination of 
the Micellar Character of Non-Ionic Detergent So-
lutions, III. J. Phys. ·Ohem., v. 66, No.3, March 1962, 
pp. 574-575; Ultracentrifuge methds were used to 
study the ~ffect of ethylene oxide chain length on 
micellar molecular weights of polyoxyethylated 
nonylphenol nonionic detergent in aqueous solu-
tions. 
OP 221. Dwiggins, C. W., Jr., R. J. Bolen, and 
H. N. Dunning. Ultracentrifugal Determination of 
the Micellar Oharacter of Non-Ionic Detergent Solu-
tions. J. Phys. Ohem., v. 64, No.9, September 1960, 
pp. 1175-1178. Describes analytical ultracentrifuge 
used to determine the micellar molecular weights 
of micelles in four aqueous nonionic detergent solu-
tions at 25°. Uses transient state methods exten-. 
sively and utilizes capillary' synthetic boundary cells 
to determine relative optical concentrations. Deter-
mines molecular weights for various times and con-
centrations to insure accuracy. Indicates that three 
polyoxyethylated phenols formed micelles contain-
ing 100 to 300 molecules, whereas Pluronic L-64, 
a high molecular weight condensate of ethylene and 
propylene oxides, did not exhibit micelle formation. 
OP 222. Dwiggins,C. W., Jr., and H. N. Dunning. 
Quantitative Determination of Traces of Vanadium, 
Iron, and Nickel in Oils by X-ray Sp,ectrography. 
Anal. Chem., v. 32, No.9, August 1960, pp. 1137-
1141. Describes an accurate X-ray internal stand-
ard developed for the determination of vanadium, 
iron, and nickel in oils and an emiSSion-absorption 
method devised for special cases in which an in-
ternal standard may not be used. Compares sev-
eral X-ray methods of trace metal determination. 
OP 223. ---. Separation of Waxes From Petro-
leum by Ultracentrifugation. J. Phys. Chem., v. 
64, No.3, l\1'arch 1960, pp. 377-378. Tests indicate 
that the sediment obtained from ultracentrifugation 
of petroleum often contains relatively large 
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amounts of wax. These waxes' must be recogniz,ed 
during interpretation of ultracentrifuge data based 
on the sediment that is obtained. Because the 
centrifugal forces used are in the range of super-
centrifuges, the . centrifugal method may prove com-
mercially applicable for clarification of crude oils 
or refinery stocks and for the preparation of high 
molecular weight waxes. 
OP 224. Eakin, J. L., A. D. Hopkins, and H. N. 
Dunning. Foam Remov;es Brine From Deep Texas 
Wells. Oil and Gas J., v. 58, No. 33, Aug. 15, 1960, 
pp. 162-163. Foam method of liquid removal from 
gas wells is put to a severe test in two high-
temperature wells in west Texas. Ellenburger 
lime production was stimulated at a depth of 
15,000 feet, where bottom-hole temperatures reached 
208 0 F. 
OP 225. Eakin, J. L., R. T. Johansen, A. D. Hop-
kins, and R. W. Taliaferro. How Chemical Treat-
ment Gets Rid of Gas-Well Water Blocks. Oil arid 
Gas J., v. 60, No. 48, Nov. 26, 1962, pp. 85-89. De-
scribes inexpensive method of removing water 
blocks from gas wells by injecting alcohol contain-
ing small percentages of surface-active (Letergents. 
Method has been used successfully in actual field 
tests, in some cases doubling the capacity of pro-
ducing wells. 
OP 226. Eakin, J. L., and R. W. Taliaferro. Se-
lecting Agents To Foam Those Heavy Brines. Oil 
and Gas J., v. 60, No. 49, Dec. 3, 1962, pp. 131-134. 
Gives results of field and laboratory tests to find 
the best foamers for brines with high concentra-
tions of sodium and calcium chloride. 
OP 227. Earnshaw, D. G., G. L. Cook, and G. U. 
Dinneen. A Study of Selected Ions in the Mass 
Spectra of Benzenethiol and Deuterated Benzene-
thiol. J. Phys. Chem., v. 68, No.2, February 1964, 
pp. 296-300. Presents partial mass spectra for 
benezenethiol and deuterated benzenethiol. The 
change in ion intensities that result from deute-
rium labeling were studied to determine the struc-
tUre of the parent ion before fragmentation. A 
seven-membered ring structure for the parent ion 
is proposed as precursor for some of the ions stUd-
ied, whereas the six-membered ring structure for 
the parent is proposed as p~ecursor for the other 
ions. 
OP 228. Eckard, W. E. Evaluation of Appalachian 
Area Reservoirs for Increased Oil Recovery. Pro-
dUcers Monthly, v. 27, No.3, March 1963, pp. 14-20. 
Preliminary results of a detailed study of a core 
from a Cow Run sand well (Burning Springs field, 
Clay district, Wirt County, W. Va.) indica~ the 
possibility of successful secondary recovery of oil 
by waterflooding. 
OP 229. Eilerts, C. Kenneth, Nora Potts, and Byron 
A. Baker. Relationship of Vapor-Liquid Equilib-
rium Ratios at Dewpoint Pressure to Compressi-
bility Factors and Composition of Gas-Condensate 
Fluids. Proc. 5th World Petroleum Cong., s~c. 2, 
1959, 357-369. Describes two methods for calcu-
lating vapor-liquid equilibrium ratios of compo-
nents of gas-condensate fluids at dewpoint tem-
peratures in the range of 70° to 310° F when only 
composition of the fluid is known. Measured equi-
librium ratios for relatively low pressures may be 
extrapolated to measured dewpoint pressure at the 
temperature of interest. 
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OP 230. Eilertsen, Donald E. Beryllium. Califor-
nia, Div. Mines and Geology, Miner. Inf. Service, 
v. 15, No.2, February 1962, pp. 12-18. Describes 
briefly mineralogy, mining, reserv,es, Government 
programs, industry, marketing, prices, uses, and 
research. 
OP 231. Elder, James L. The Underground Gasi-
fication of Coal. Ch. 21 in Chemistry of Coal Utili-
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zation: Supplementary Volume, ed. by H. H. Lowry. 
John Wiley & Sons, Inc., New York, pp. 1023-1040. 
Discusses the research in underground gasification 
of coal; the gasification processes tested since 1951; 
and industrial plants for underground gasification 
of CDal, which have been installed Only in the 
U.S.S.R. 
OP 232. Eldib, 1. A., and R. J. Bolen. Ultracen-
trifugation and Viscosities of Crude Oils. Abs. of 
Papers, 136th Meeting, Am. Chern. Soc., Div. of 
Colloid Chem., Atlantic City, N.J., September 1959, 
p. 19-1. Giyes results of the investigation of the 
viscosities of crude oils and their extracts in vari-
ous solvents at several temperatures. Purpose 
of the study was to select solvents that will cause 
little denaturation of crude oils which are to b~ 
centrifuged. 
OP 233. Eldib, 1. A., H. N. Dunning, and R. J. 
Bolen. Nature of Colloidal Materials in Petroleum. 
J. Chem. and Eng. Data, v. 5, No.4, October 19GO, 
pp. 550-553. Investigates the chemical properties 
of the colloidal particles of petroleum. 
OP 234. Ellis, C. F. A Suggested Procedure for 
Converting NO in Low Concentrations to NO:. 
Int. J. Air and Water Pollution, v. 8, No.5, May 
1964, pp. 297-299. Describes a modification of the 
Saltzman method that has been found useful in 
analyzing gases containing low concentrations of 
NO and N02. Such an analysis of gases is fre-
quently required in studies of atmospheric con-
taminants. 
OP 235. Elliott, William C., Jr. Waterflooding 
Conglomerate Reservoirs in North Texas. Mines, 
v. 51, January 1961, pp; 29-33. Describes three 
water-flooding projects in Jack and Montague 
Counties, Tex. Wells were completed either by 
setting pipe on top of the formation and drilling 
through the productive zones or by setting pipe 
through the productive zones and perfora ti ng the 
casing. Many of the wells were hydraulically 
fractured, either at completion or during work-
overs. The primary producing mechanism was 
either solution gas expansion or solution gas ex-
pansion with some effect from a gas cap. High 
gas-oil ratios developed early in the producing life 
of the reservoirs and pressures declined steanily. 
The primary recoveries from the reservoirs stud-
ied were low, ranging from 9 to 20 percent of the 
original oil in place; most recoveries were below 
15 percent. 
OP 236. Enman, R. C., J. W. Belter, and L. Dock-
ter. Pulverizing Lignite in a pnot-Plant Test 
Unit. Proc. American Power Conferpnce. Illinois 
Institute of Technology, 1963, pp. 513-524. Gives 
results of tests on 10 North Dakota lignites. Power 
requirements significantly decrease as dpgree of 
in-the-mill drying is intensified, but pulverizing 
charncteristics vary with mine source. 
OP 237. Elsner. Elizabeth K .. and Mary B. McNair. 
Awards Announced for 1959 National Crushed 
Stone Association Safety Contest. Nat. Crushed 
Stone J., v. 15, No.3. September 1060. pp. 3-6. In-
dicates that a record number of awarns (;)9) were 
prespnted as a result of the 1959 competition. The 
winners are listed. 
OP 238. Eng, Harvard, and H. Kpnworthy. Water-
borne Wastps and Water Usage of l\fptal-Procpss-
ing Industries in Missouri River Basin Arf'as of 
Kansas find l\fisRouri. 1VfisROUri BaRin Preliminary 
Rept. 132, September 1960. 2R pp. A plant-h:v-plant 
survey was made of the .metal-processing indnstrif's 
genernting w::Jtf'rborne wastes of min(lral origin. 
The geogrnphical area eov(lred by the snrvey eon-
sistf'd of the arpaR in KanRas ann l\fiRsouri orained 
by the Missouri River. The objectives of the snr-
vey were (1) to collect data on the quantities and 
types of industrial wastes, (2) to study the water 
requir.ements of these industries, and (3) to study 
their water usage. Information was gathered, 
evaluated, and tabulated for reference according to 
industrial classifiea tion. 
OP 239. Ergull, Saori, and Leroy E. Alexander. 
Crystalline Forms of Carbon: A Possible Hex-
agonal Polymorph of Diamond. Nature, v. 195, 
August 25, lUG:.!, pp. 765-767. Gives data to show 
that the hexagonal form may exist in diamouds, 
causing what are termed layer faults and growth 
faults. 
OP 240. Ergun, Sabri, and W. F. Donaldson. The 
Breit-Dirac Correction to Compton Scattering of 
Carbon. Proc. 5th Couf. ou Carbon, Pergamon 
Press, New York, v. 2, 19IJ3. pp. 517-518. In 
comparing experimental scattering results with 
those predicted for materials of known lllolecular 
structure or for assumed structures likely to be 
present in various forms of cal'oon, correct con-
version of recorued intensities iuto electron units 
is neressary. Utiing l\loKa. radia tion it \Va::; ob-
served that Breit-Dirac correction to Compton 
. scattering becomes important for this conversion. 
OP 241. Ergun, :::labri, W. E'. Donaldson, and 1. A. 
Breger. Some Physical and Chemical Properties of 
Vi trains Associated With Uranium. Fuel, v. 39, 
January 1960, pp. 71-77. Presents studies of the 
chemical composition, density, reflectances, and X-
ray scattering of nine samples of coalified wood 
containing uranium. 
OP 242. Ergun, Sabri, and J. T. McCartney. Ab-
sorption by Graphite Single CrYRtals in the Ultra-
violet and Visible Spectrum. Proc. 5th Conf. on 
Carllon, Pergamon Press, New York, v. 2, 
1963, pp. 167-17~. Gives determination of refrac-
tive and absorptive indexes and thickness,€,s of 
ultrathin fragments of grallhite at a wavelength 
of 5460 A by direct transmission and phase retarda-
tion measurements. A graphical procedure has been 
developed for this calcula tion. 
OP 243. ---. Electron Diffraction From Coals. 
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Science, v. 134, Nov. 17, 1961, pp. 1620-1G21. Elec-
tron diffraction patterns have been obtainen for 
coals of different rank by transmission throngh 
·ultrnthin sections 500 to 2.000 angstroms thiek. 
Analysis of these patterns for the <1iRtrilmtion of 
atoms in coals by Debye radial di~trihution func-
tions should furniRh information complementary 
to thnt derived from X-ray stunies, ('onsic1ering 
the differences in wavelength of the radiation in-
. volved and the different mechanisms governing the 
diffraction. 
OP 244. ---. Refiectance of Coals, Grflpbite, 
and Diamond. Fnel. v. 39, Novemb€'r lfHIO. pp. 
449-454. Tbe refipdance of coals, grnphite, find 
diamond in the viRible Rpectrum has bepn nf'tf'r-
mined microRcopicnlly. ThE' rntios and rf'flf'ctance 
in air to density of tbe vitrinites rangen bE'twpen 
tbose of graphite Rnd rliflmonn. in orner of de-
creasing rank. Tbe r€'fi.€'('tance-density ratios of 
the vitrinites at 0.4()0 A W(lre fmmn to he linE'ftrly 
related to the hynrogen/('ftrbon ratio, ann the lin-
ear rE'lation was extemlpn to the rf'fiectance of 
graphite. It appears thnt tlle in('rease in re-
flectance of cOllls with rank is causf'd partly by 
increase in d(lnRity finn. probahly to a greater 
extent, by their bef'oming more graphite-like. 
OPOP 240. Erg:un, Sahri. .TamE's T. lVI('Cartney, and 
Robert E. Walline. Ansorption of Ultrrl"violE't And 
Visible Light by TTltrathin Rpctions of Coal. Fuel, 
v. 40. March 1$)(11. pp. 10n-117. Extinction co-
efficiE'nts of ultrnthin se('tions 500 to 2.000 A thick 
of vitrinitE'S from eight ('oals and of graphite hnve 
been det;ermined in the wavelength region of 2,330 
to 6,400 A. The rank of the coals ranged from 
lignite to anthracite. 
OP ~46. Ergun, Babri, James T. McOartney, and 
Robert E. WaHine. Absorption of Ultraviolet and 
Visible Light by Ultrathin l::\ections of Vitrinite 
Frolll a High-Volatile Bituminous Ooal. Nature, 
vol. 187, No. 4742, Sept. 17, UH'>O, Pp. 1014-1015. 
Investigates the theory that the extinction coeffi-
cients of a high-volatile A bitulllinous vitrinite in 
ultraviolet and visible light are too low to adlllit an 
appreciable content of condensed arolllatic struc-
tures. Study wa::o made possible when succ.ess was 
achieved in cutting ultrathin section of coals of 
various ranks and in accurately llleasuring their 
thickness and refractive index by interferometry. 
OP 247. Ergun, Sabri, Morris Ments,er, and H. J. 
O'Dollnell. Three-Dimensional X-Ray Heflections 
From Anthracite and Meta-Anthracite. Science, 
v. 1:32, No. 3436, Nov. 4, 1960, pp. 1314-1316. Oare-
ful analysis of X-ray scattering intensities of de-
mineralized meta-anthracites and high-rank an-
thracites' formed during the Pennsylvanian geo-
logical period has revealed three-dimensional (hkl) 
reflectiolls of gl'allhite, demonstrating unequivocally 
that coals graphitize with metamorphism. 
OP 248. Ergun, Babri, and I. Wender. X-Ray Scat-
tering Intensities of Coals Treated With Lithium in 
Ethylenediamine. J. Appl. Chem., v. 10, May 11)60, 
pp. 189-192. Presents X-ray scattering intensities 
for seven vitrinites of different rank and a natural 
gravhite before and after treatment with lithium 
in ethylenediamine. 
OP 249. Erickson, Victor. Basic Minerals, 1961. 
Chem. and Eng. News, v. 39, No. 36, 1961, pp. 99-
106. Presents forecnst of refined mineral produc-
tion for the year 1961, based on actual data for 
the first quarter of the year and on a general fore-
cast of industrial and business activity for the 
year as a whole. 
OP250. ---. Basic Minerals, 1962. Ch.em. and 
Eng. News, v. 40, No. 36, 1962, pp. 51-57. Presents 
forecast of refined minerals production for 1962, 
based on actual data for the first quarter of the 
year and on a general forecast of industrial and 
business activity for the year as a whole. 
OP 251. Espenshade, Gilbert H., and Howard P. 
Hamlin. Slate ]'rom the Greenville Quadrangle, 
Maine, as Potential Lightweight Aggregate Ma-
terial. Geological Survey Research 1961, Prof. 
Paper 424-C, pp. C-18 to C-20. Concludes that 
slate from this quadrangle would be suitable for 
bloated light'\\'eight aggregate when fired in a ro-
tary kiln nnder closely controlled conditions. 
OP 2n2. Estep. Patricia A., and ClarE'nce Knrr, Jr. 
A Liquid Ultramicrocavity Cell Bolder for Use 
With an InfrarE'd Renm Condenser. Appl. Spec-
tros('opy, v. 16, No.5, 1962, pp. 167-168. Describes 
a ('ell holder that waR developed to provide a rnTlid 
technique for ohtaining spectra of microsampies 
of roal chemicals in Rolution. 
OP 253. ---. Qnantitative Infrared Mirroanaly-
sis of High-Roiling Aliphatic Neutral Oil Frnc-
tions. Annl. Cllf'm., v. 36, No. 11, Ortoher H)()4, 
pp. 221!1-2218. DpRrriheR n proreonre for fJllflnti-
tntive infrnred micorannlYRis of unflilutf'n Ramples 
of flliphatics with a vnriE'ty of ho~b RntuJ"ntE' and 
olefin types in the C15 to 020 range from low-tem-
perntnre ronI tnrR. 
OP 2!14. Fpf'nnn .. T. J., R. R. Annf'rRon. R. W. Swnn, 
ann L. J. Ft Hofpr. 0hrominm 0ntnly!'ts for Oxi-
di7.ing A ntomotive FlxhmlRt. .T. Air Pollntion Con-
trol ARSOC., v. 14. No.4, April H)(j4. pp. 113-117. 
Rf'ports on the RtuOY of chromia-on-alumina cata-
IYRtR for the oxidation of carhon monoxide and 
hydrocnrhons rppresentpn by isopentane in a con-
tinuous-flow syst.em. This study is part of the 
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Bureau program to investigate the feasibility of 
using various metals and metal oxides as catalysts 
for the removal of noxious components of automo-
tive exhau::;t gases. 
OP 255. lferrante, M. J., P. C. Good, F. E. Block, 
and D. B. Yee. High-Purity Electrolytic Chromium. 
J. Metals, v. 12, No. 11, Novelllber 1I:)()0, pp. i:S61-8()5. 
Shows how massive chromium was electrodeposited 
at elevated temperatures from aqueous chromic acid 
electrolytes containing the sulfate ion, fluoride ion, 
or silico-fiuoride ion as a. catalyst. Metal from 
sulfate baths was deposited at 13 percent current 
efficiencies and was shown to contain 50' ppm oxygen, 
<20 ppm nitrogen, and trace amounts of metallic 
impurities. Arc-melted metal was hot .worked into 
wire ductile at 25° C. Metal from fluoride or 
silicofluoride baths was deposited at :37 and 43 per-
cent current efficienCies, respectively, and contain.ed 
the same impurity levels as chromium prepared 
from sulfate uaths, except that oxygen and tin Levels 
were slightly increased. 
OP 2G6. Iferrin, C. R., J. O. Chase, and R. W. Hurn. 
Analysis of Complex Hydrocarbon Mixtures USing 
an Unsaturate-Discriminating Gas Chromatograph. 
Ch. 28 in Biochemical Appli<:ations of Gas Chroma-
tography, ed. by H.P. Burchfield and E. E. Storrs. 
Academic Press, Inc., New York, 1962, pp. 423-429. 
Deseribes a method of obtaining qualitative and 
quantitative hydrocaruon analyses of automotive 
engine exhausts using a flame ionization gas-liquid 
chromatograph. Method can determine individually 
at least 25 of the C1 to C5 hydrocarbons and as 
groups the Co through Cs saturates, the Co through 
Cs olefins and acetylenes, the Co and heavier satu-
rates, and the aromatics. 
OP 257. Fester, J. 1., and W. E. Robinson. Method 
.for Determining Caruoxyl Content of Insoluble Car-
bonaceous Materials. Anal. Chem., v. 36, No.5, 
June 1964, pp. 1392-1394. Describes a steam distil-
lation method used to determine caruoxyl groups in 
the kerogen from Green River oil shale. 
OP 258. Field, J. H., H. E. Benson and R. B. Ander-
son. Synthetic Liquid Fuels by Fischer-Trop!'lch 
Process. Chem. Eng. Progr.; v. 56, No.4, Apri11960, 
pp. 44-48. Summarizes recent commercial develop-
ment and the current status of the coal gasification, 
gas purifiration, and catalytic synthesis steps. 
OP 259. Field, J. H., J. J. Demeter, A .• J. Forney, 
and D. Bienstock. Development of CntnlYRts and 
Reactor Systems for lVIethanation. I&EC Product 
Res. and Development, v. 3, No.2, June 1964, pp. 
150-1!13. Describes effective catalytic conversion of 
synthesis gas' to methane ur-:ing a hot gons-recycle 
reactor and a tube-wall reactor. Both offE'r €'xcel-
lent heat removal and temperature control although 
the hot gns-recycle system has been developed to a 
largE'r sen Ie. 
OP 2~O. Fine, M. M. A Process for Simultaneous 
Agglomeration and Redurtion of Iron Ores. Proc. 
8th Rif'nnial Conf., Intprnnt. Rrif]uf'tting AR~OC., 
De('emher 1!)G3. pp. 4~-()O. Shows thnt green iron 
ore pellets can be simultaneously reduced and In-
dUrated by heating with solid reductants at 1,150~ 
,C. 
OP 2pOA. Fine. M. M., J. A. npf'nrlo. :md E. T. 
ShE'riflan. Substitutes for Coking Coals in the 
Blfl~tFnrnnce. United Nntions IntprrE'gional Rym. 
pORillm on· the ApI)li('ntion of l\fo(lf'rn Tf'C'hnic'al 
PrnrticE'R in the Iron ann Stpel Tn'cln1'ltry to D('vpl-
oping Countries, Nov. 11-26, ]fl63. T('ch. Paper 
A.1R. 13 pp. DiRCU~SE'S ~uhRtitutps for ('oking ('onls 
in the hlnst furnace either hy reducing thl:' amount 
of coke used or by RuhRtitnting nnother fuel for 
part of the ('o1\:e. PrerE'du('ed burdens ('ould elimi-
nate up to 50 pprcent of the coking conI currently 
consumed in ironmaking. Other fuels may be used 
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instead of coke if one of the so-called direct reduc-
tion processes is used. Formed coke may b~ sub-
stituted for metallurgical coke obtained from cok-
ing coals. Other fuels may be substituted for 
metallurgical coke in the blast furnace by injecting 
them into the combustion zone. Noncaking coals, 
petroleum products, and natural gas have been sub-
stituted successfully. 
OP 261. Fitzpatrick, M., R. Craft, J. W. Warren, 
F. H. Laird, H. A. Watson, E. J. Harris, R. L. 
Beatty, and L. D. Scheel. An Industrial Hygiene 
Survey of Polyurethane Foam Applications in an 
Underground Mine. Am. Ind. Hyg. J., v. 25, No, 6, 
November-December 1964, pp. 569-577. Gives the 
determination of concentrations of toxic aiJ:borne 
isocyanate vapor and particulate matter formed 
during spray application of polyurethane foam to 
underground mine surfaces. Study was made to 
assess possible hazard to workmen. 
OP 262. Fogelson, David E., Thomas C. Atchison, 
and Wilbur I. Duvall. Propagation of Peak Strain 
and Strain Energy for Explosion-Generated Strain 
Pul&es in Rock. Colorado Sch. Mines Quart., v. 54, 
No.3, July 1959, pp. 271-284. Presents results from 
a series of linear array strain tests arranged by the 
BUreau and designed to determine the strain-
producing abilities of six explosivt€s when detonated 
in a granite gneiss. 
OP 263. Forney, Albert J., Richard F. Kenny, 
Stanley J. Gasior, and Joseph H. Field. Destruc-
tion of Caking Properties of Coal by Pretreatment 
in a Fluidized Bed. I&EC Product Res. and Devel-
opment, v. 3, No.1, March 1964, pp. 48-53. Treat-
ing fine coals at 400° to 425° C with a fluidizing gas 
composed of either inert gas or steam containing at 
least 0.2 percent oxygen destroys the caking prop-
erties of the coal. The minimum time required to 
produce a completely nonagglomerating char is 
about 5 minutes. The chars made may be used as 
a feed for a fluidized-bed gasification or a hydro-
gasification process. 
OP 264. Foster, Norman G. Medium- and Low-
Resolution Mass Spectrometry for Sulfur Com-
pounds. Proc. API, v. 42, sec. 8, 1962, pp. 72-73. 
Describes and discusses the use of the mass spec-
trometer as an identification tool and the charac-
terization of higher molecular weight species by low 
voltage techniques. The correlation of mass spectra 
and moJ.ecula'r structures of :the alkylth'iorphenes are 
reviewed in some detail to illustrate the develop-
ment of fundamental ideas of fragmentation of 
molecular ions. 
OP 265. Fox, Edward J., and W. A. Jackson. Steam 
Distillation of Fluorine From Perchloric Acid Solu-
tions of Aluminiferous Ores. Anal. Chem., v. 31, 
No. 10, October 1959, pp. 1657-1661. 
OP 266. Frantti, G. E. High-Speed Photographic 
Observations in Taconite and Limestone Blasting. 
Proc. 8th Annual Drilling and Blasting Symp. Univ. 
of Minnesota, Oct. 2-4, 1958, pp. 60-67. Describes 
study by Bureau to discover prob~ems in quarry 
blasting and ultimately to contribute to their solu-
tion; A high-speed. camera was used to slow down 
events so that it was possible to observe what 
actually happened during a blast. 
OF 267. Freeman, G. A.,· Carl Rampact€k, and L. G. 
Evans. Copper Segregation at the· Lake Shore 
Mine. J. Metals, v. 13, No.5, May 1961, pp. 370-
372. Describes a segregation process to concentrate 
ores not aillt€nable to conventional flotation con-
centration or sulfuric acid leach treatment. The 
process involves heating an oxidized or mixed oxide-
sulfide copper or,e with a halide salt and a carbo-
naceous material, such as coke or coal, at approxi-
mately 1,400° to 1,500° F. Segregation produces 
fine metallic copper which can be recovered by con-
ventional copper. sulfide flotation methods. 
OP 268. Freeman, G. A., Carl Rampacek, and 
L. G. Evans. 'Co,pper Segregation Process 'ShDWS 
Promise at Lake Shore Mine. Min. Eng., October 
1961, pp. 1152-1155. Describes a segregation proc-
ess that involves heating oxidized or mixed oxide-
sulfide copper ore with a halide salt and a carbo-
naceous material, such as coke or coal, at approxi-
mately 1,400° to 1,500° F. 
OP 269. Frendzel, Donald J. The Soviet Oil In-
dustry. Quartermaster Rev., v. 40, No.3, Novem-
ber-December 1960, pp. 28, 147-148. Indicates that 
the post-World War II expansion of the Soviet 
petroleum industry' has established the U.S.S.R. as 
a major oil-producing nation and has led to Russian 
reentry into the international petroleum trade. 
OP 270. Frendzel, Donald J., and Alexander Gakner.' 
Soviet Gas Pipelines. Pipe Line News, March 1960, 
pp. 39-41. Indicates that the Soviet Union,s~cond 
to the United States in natural gas production, has 
a natural gas trunk pipeline system of over 10,000 
miles in 1959 and is in the midst of an expansion 
that will boost total mileage to 24,000 by the end of 
1965. Discusses Soviet pipeline mechanization, 
spread layout, welding, use of aluminum and non-
metallic pipe, gas reserves, and gas consumption. 
OP 271. Friedel, R. A. Absorption Spectra of Coal, 
Infrared and Ultraviolet Visible. Encyclopedia of 
Spectroscopy, Reinhold Pub. Co., New York, No-
vember 1960, pp. 414-417. Infrared spectra of coal 
have identified functional groups, the existence of 
electronic absorption, and the presell(~e of mineral 
absorption bands, and have permitted the observa-
tion of chemical changes in the coal during reac-
tions. Ultraviolet-visible spectra of bituminous 
coal have shown tb.e lack of specific identification of 
aromatic groups and have limited the polynuclear 
aromatic content that may be in bituminous coal. 
OP 272. ---. Infrarotspektren von Diinnschlif-
fen aus Kohlevitrainen [Infrared Spectra o·f Thin 
Sections of Coal Vitrains], Brennstoff-Chemie, v. 44, 
No.1, 1963, pp. 23-24. Thin Stections have been 
used to obtain good quality infrared spectra of 
lignite, bituminous, and anthracite vitrains. Quan-
tita:tive data are Dlbtained. 
OP' 273. ---. Quantitative Infrared and Ultra-
violet Vapor Spectra. Encyclopedia of Sp~ctros­
copy, Reinhold Pub. Co., New York, 1960, pp. 577-
.582. Describes an accurate, quantitative, simple-
handling technique involving micropipets and spec-
tral sample cells fitted with sinter~d disks. 
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OP 274. ---. Rev. of "Organic Electronic Spec': 
tral Data," v. 1, ed. by M. J. Kamlet; v. 2, ed. by 
H. E. Ungnade. Spectrochimica Acta, v. 17, 1961, 
p.772. 
OP 275. ---. Spectra and the Constitution of 
Coal and Derivatives. Proc. 4th Carbon Conf., 
Univ. of Buffalo, Pergamon Press, London, 1960. 
pp. 321-336. Infrar~d spectra, ultraviolet-visible 
absorption and reflection spectra, magnetic reso-
nance spectra, and mass spectra, are applied to the 
study of the constitution of coal and carbonaceous 
materials derived from coal. Intensities of ultra-
violet-visible absorption and reflection are shown to 
be low throughout the spectrum. Explanations for 
spectrometric data accumulated in the past are 
presented. 
OP 276. ---. The Use of Infrared Spectra of 
Chars in Coal Structure. Appl. Optics, v. 2, No-
vember 1963, pp. 1109-1111. Gives results of in-
direct studies in the structure of coal and related 
carbonaceous materials made through spectral stud-
ies of ·chars of model compounds. 
OP 277. ---. Ultraviolet Spectra of Coals and 
Extracts. Chem. and Ind., No. 15, Apr. 15, 1961, 
pp. 462-463. Indicates that there is no real absorp-
tion band at 2,300 A in the ultra'Violetspectra of 
solid coal or solid pyridine extract and that there 
is, therefore, no indication of th~ presence of naph-
thalene derivatives. 
OP 278. Friedel, R. A., and J. A. Queiser. Ultra-
violet Spectroscopy: Aromaticity of Carbonaceous 
Materials; Absorption Errors. ASTM, Special Tech 
Pub. 269, 1960, pp. 218-226. Aromaticities of 84-
percent carbon coal and the asphaltene obtained 
from it by hydrogenation are limited to about 20 
percent according to ultraviolet absorption measure-
ments and comparison with ultraviolet data for 
aromatic compounds. Aromaticity limits for other 
carbonaceous materials also are determined. Errors 
due to fiuorescence of the sample can produce ab-
sorption values in ultraviolet and visible spectra 
that are too low. Methods of measuring the errors 
are described. 
OP 279. Friedel, R. A., and H. L. Retcofsky. Car-
bon-13 Nuclear Resonance Spectra of Oleflns and 
Other Hydrocarbons. J. Am. Chem. Soc., v. 85, May 
5, 1963, pp. 1300-1306. The carbon 13 nuclear mag-
netic resonance method has been applied to the 
study of organic compounds by means of measure-
ments on naturally occurring carbon 13. Spectra 
have been obtained principally to illustrate the ad-
vantages of the method in the study of carbons' 
containing no . hydrogen atoms as in substituted 
olefins, dienes, allenes, acetylenes, aromatics, and 
carbonyls-o 
OP 280. ---. Spectral Studies of Coal. Proc. 
5th Coni. on Carbon, Pergamon Press, New York, 
v. 2, 1963, pp. 149-165. Describes investigations of 
coal and derivatives of coal ,by infrared, ultraviolet-
visible, magnetic resonance, and mass spectral meth-
ods. Infrared spectral studies of chars have pro-
vided further information on the assignment of 
infrared bands to oxygenated structures. Proton 
nuclear magnetic resonance studies hav;e been car-
ried out on a variety of coal derivatives. Indirect 
determinations of aromaticity, ring size, and degree 
of SUbstitution have b~en made. The carbon 13 
nuclear magnetic resonance technique can be used 
to study directly the chemical nature of carbon 
atoms in molecules. The decreased free-radical 
concentrations in coal vitrains have been investi-
gated by electron paramagnetic resonance after 
chemisal reduction. Considerable decrease of the 
free-radical content is effected. Ultraviolet-visible 
absorption and refiectance spectra of poly crystalline 
graphite have been determined. 
OP 281. Friedel, R. A., and A. G. Sharkey, Jr. 
Alkanes in Natural and Synthetic Petroleums: 
Comparison of Calculated and Actual Compositions. 
Science, V. 139, No. 3560, Mar. 22, 1963, pp. 1203-
1205. Gives data on the similarity of ·the lio,w-
molecular-weight alkane isomers in crude oil and 
Fischer-Tropsch catalytic synthesis products. The 
composition of the C4 through C1 alkane isomers in 
a crude oil was calculated quantitatively with the 
equations prevjously used to cnlculat.e the alkane 
isomers in Fischer-Tropsch product. These results 
may have significance in the origin of the volatile 
hydrocarbons in crude oils. 
OP 282. Friedman, Sidney. Marvin L. Kaufman, 
Waldo A. St,einer, and Irving Wender. Determina-
tion of Hydroxyl Content of Vitrains by Formation 
of TrimethylFdlyl Ethers. Fuel, V. 40, No.1, Jan-
uary 1961, pp. 33-46. Presents a new method for 
the determination of hydroxyl groups in coal based 
on the formation of trimethylsilyl ethers [ROSi 
(CHah]. These ethers are formed by treating coal 
with 1;lexamethyldisilazene [(CHa)aSiNHSi (CHil)a] 
and trimethylchlorosilene [(CHa)aSiCl] in pyridine 
at about 115 0 C. The resulting derivatives are 
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analyzed for silicon, and these values are used to 
calculate the percentage of hydroxyl groups in the 
coal samples. 
OP 283. Friedman, Sidney, Marvin L. Kaufman, 
and Irving Wender. Preparation of Trimethylsilyl 
Ether,s of Hindered 2,4,6-Trialkylphenols. J. Or-
ganic Chem. v. 27, 1962, pp. 664-665. Reports that 
dim,ethylformamide is a solvent which enables very 
hindered phenols to react with hexamethyldisilazane 
to form trimethylsilyl ethers which are not formed 
in. other solvents. 
OP 284. Frommer, Donald W. USBM Tests on 
Selectiv,e Iron Ore Flotation Point Way to Greater 
Recoveries. Min. Eng., v. 16, No.4, April 1964; pp. 
67-71, 80. Describes- Bureau studies on the treat-
ment of low-grade hematitic-goethitic jaspers of the 
Marquette range, Michigan. Selective fiocculation 
and desliming were used for treating these finely 
ground ore pulps. 
OP 285. Frommer, D. W., M. M. Fine, and L. Boni-
catto. Anionic Flotation of Silica-A New Look. 
Proc. 23d Ann. Min. Symp. and Ann. Meeting, Min-
nesota Sec., AIME, August 1962, pp. 1':"'12. Eval-
uates anionic fiotation of silica as a procedure for 
beneficiating nonmagnetic and semitaconites from 
the Lake Superior region. Analyses of typical con-
centrates exceeded 60 'percent in iron and :s'ho,wed 
less than 6 percent Si02• 
OP 286. Furno, AIdo L., George H. Martindill, and 
Michael G. Zabetakis. Limits of Flammability of 
Hydrazine-Hydrocarbon Vapor MixtUres. J. Chem. 
and Eng. Data, v. 7, No.3, July 1962, pp. 375-376. 
Determin.es the minimum amount of benzene, tol-
uene, m-xylene, .and cumene required to suppress 
fiame propagation through hydrazine-hydrocarbon 
vapor mixtures at atmospheric pressure and various 
temperatures. 
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OP 287. Gakner, Alexander. The Battle for Steel 
Supremacy-The Soviet Union Leads in Raw Ma-
terials. Iron and Steel Eng., v. 36, No. 11, Novem-
ber 1959, pp. 117-124. The Soviet Union, the 
world's second largest producer of steel, ranked 
first in 1959 in the production of the principal raw 
materials needed to produce pig iron and steel-. 
iron ore, manganese ore, chromite, and beehive 
coke. The U.S.S.R. is also the only large industrial 
nation with sufficient indigenous resources of these 
materials to supply all its domestic needs and ex-
port sizable amounts; it is also the world's leading 
exporter of pig iron. 
OP 288. ---. Minerals and Monopoly-Formula 
for iSoviet Strength. Min. Eng., No.5, June 1960, 
pp. 557-565. The So'Viet Union has large mineral re-
'sources. Because the mineral industry and the tra:d-
ing organizations 01£ the U"S.S.R. are monopolies o,f 
,the ·Soviet Government, it is pOissible for that country 
to use minerals effectively as an economic and 
political tool. 
OP 289. ---. Sino-Soviet Plans for Petroleum 
and NatUral Gas-What Chance for Success? World 
PetroL, v. 30, No. 10, September 1959, pp. 60-63. 
The Sino-Soviet bloc of nations has significant 
crude oil and natural gas resources and in recent 
years has set out on a large development program. 
Production is expanding rapidly, providing for the 
ne.ed of the bloc, and growing annual surpluses are 
making inroads on free world markets. If the bloc 
nations meet their 1965 economic development goals, 
the free world may expect a twofold to thre,efold 
increase in exports of crude petroleum and pe-
troleum products from the Sino-Soviet bloc. 
OP 290. GaSior, Stanley J., Albert J. Forn,ey, and 
Joseph H. Field. Destl'uction of the Caking Quality 
of Bituminous Coal in a Fixed Bed. I&EC Product 
Res. and Development, V. 3, No.1, March 1964, pp. 
43-47. Gives details of a pretreatment process in 
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which a caking coal was conv.erted to a free-
flowing char in a fixed bed by heating coal through 
its plastic range. 
OP 291. Gates, George L., and W. Hodge Caraway. 
Effect of Completion Fluids on Well Productivity 
in Permafrost, Umiat Field, Alaska. J. Petrol. 
Tech., v. 12, No. 10, October 1960, pp. 33-39. From 
1944 to 1953, the U.S. Navy extensively explored 
U.S. Naval Petroleum Reserve No.4, in Northern 
Alaska, to determine its oil potential. The Bureau 
of ~lines cooperated in the program to obtain and 
study the cores and core data and to determine the 
best completion practice. 
OP 292. Gates, George L., and Harold J. Lechten-
berg. Completions-California Style. Petrol. Eng., 
v. 34, No. 12, November 1962, pp. 108, 110, 113, 
116-117, 120. Describes completion practices in 
California during 1961. Factors described include 
completion fluids, use of foams, gas drilling, forma-
tion evaluation, electrical and mud logging, forma-
tion tests, casing programs, cementing, perforating 
methods, gravel parking, well stimulation, and off-
shore drilling methods. 
OP 293. Gayle, John B., and James H. Gary. Mix-
ing of Solids With Horizontal Drum-Type Mixers. 
Ind. and Eng. Chem., v. 52, No.5, June 1960, PP. 
519-520. Three principal mechanisms for mixing 
solid particles have been proposed-convective, 
shear, and diffusive. In this report horizontal 
drum-type mixers are selected in order to have 
diffusive mix\~rs predominate. . 
OP 294. Geer, M. R., and Michael Sokasld. Coal 
Preparation. Min. Congo J., V. 49, No.2, February 
1963, pp. 56-59. Reviews coal preparation methods 
in us.e in 1962 and forecasts possible developments 
in mechanical cleaning methods, depending- on the 
quality of the coal mined, the future markets, and 
the methods of transporting coal or its energy to 
the consumer. 
OP 295. Gerard, J. A., Jack Smith, R. W. Cargill, 
and D. C. Strimheck. They Subdue Big Sound. 
Nat. Safety News, v. 87, No.4, April 1963, pp. 30-33. 
Describes the sound-control and hearing-prote('tion 
measures adopted by the Bureau for their coal fired 
gas turbine project. This is the first of two articles. 
OP 296. Gibbs, Gerald V., and F. Donald Bloss. 
Indexed Powder Diffraction Dnta for Scapolite. 
Am. Mineral, V. 46, November-December 1961, pp. 
1493-1497. Presents indexed data for some 40 peaks 
for sranolites from Arendal, Norway, and from 
Grenville, Quebec. 
OP 297. Gibbs, Gerald V., F. D. Bloss, and H. R. 
Shell. Proto-Amphibole, A New Poly type. Am. 
Mineral., v. 45, September-October 1960, pp. 974--989. 
Proposes a new structure type for amphibole which is 
based on the space group Pnmn. The term "proto-
amphibole" is used to describe this new polytype, 
sinre it appears structurally related to the amphi-
boles in the same way that protoenstatite is to the 
pyroxenes. 
OP 298. Gibbs, Gerald V., John L. Miller, and H. R. 
Shell. Synthetic Fluor-Magnesio-Richterite. Am. 
Mineral., V. 47, January-February 1962, pp. 75-82. 
Chemical, physical, optical and X-Ray data are pro-
vided for fluor-magnesio-richterite, a fluoramphilbole 
synthesized by melt and by solid-state reactions. 
OP 299. Gibson, Frank C. Reviewer's comment on 
"Radiation in a Detonation" by 1. M. Voskoboinikov. 
ARS J., V. 32, No .. 5, May 1962, p. 809. 
OP 300. Gibson, Frank C., Merle L. Bowser, and 
Charles M. Mason. Detonation-Temperature Meas-
urements. Encyclopedia of Spectroscopy, ed. by G. 
L. Clark. Reinhold Pub. Co., New York, 1960, pp. 
134-138. Describes a method for measuring the 
detonation temperature in high explosives. A modi-
fied grating spectrograph is used to separate the 
radiation from the detonation into four· narrow 
bands of known wavelengths. The radiation in-
tensity in each band is measured during the detona-
tion by photoDlultipliers and cathode ray oscillo-
graphs. By applying Wein's radiation law, the 
temperature can be computed. Temperatures are 
reported for several explosives: EDNA, 5,500° K; 
PETN, about 5,000° K; nitroglycerin, 4,000° K; 
and one permissible dynamite, 2,uOO° K. Indicates 
that the radiation from at least three of these 
explosives falls on a black body curve. 
OP 301. Gibson, Frank C., C. R. Summers, C. M. 
Mason, and R. W. Van Dolah. Initiation and 
Growth of Detonation in Liquid Explosives. 3d 
SymposiUm on Detonation, Princeton, N.J. Sept. 
26-28, 1960. ONR Symp. Rept., ACR-52, V. 2, 1960, 
PP. 436-454. An investigation was made on the 
initiation and growth of detonation in liquid ex-
plosives by means of high-speed photographic tech-
niques. Suggests a mechanism for initiation that 
involves interacting shock waves and cavitation; 
gives evidence for partial refutation of a current 
off-end plasma theory. 
OP 302. Gibson, H. G., W. T. Abel, and G. E. Fas-
ching. Meter for Determining Mass Flow of Solids 
in Multi-Phase Fluids. Proc. Multi-Phase Flow 
Symp., ASME, Philadelphia, Pa., Nov. 17-22, 1963, 
pp. 49-54. Describes the construction and per-
formance of a mass flowmeter designed by Bureau 
engineers. A device incorporating the cantilevered-
beam force deflection principle detected the flow of 
solids. Experiments indicate the device, when used 
in conjunction with a conventional gas flowmeter, 
will also measure the mass flow of solids in flowing 
suspensions. 
OP 303. Gomez, Manuel. Pyrolysis of Coal. Ind. 
and Eng. Chem., V. 52, No.8, August 1960, pp. 
717-720. Presents a summary of the significant 
developments in coal carbonization, both funda-
mental and applied. 
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OP 304. ---. Pyrolysis of Coal. Ind. and 
Eng. Chem., Ann. Rev. Supp. 1962, pp .. 110-114. 
Reviews worldwide work in coal-pyrolysis tech-
nology as reported in the literature during 1961 
and through March 1962. 
OP 305. ---. Pyrolysis of Coal and Shale; 
Pyrolysis of Coal. Ind. and Eng. Chern., v. 53, No. 
8, August 1961. pp. 674-676. Reviews the literature 
on coal pyrolysis published during 1960; includes 
review of selected journals through Marrh 1flfi1. 
OP 306. Gomez, Manuel, and, Charles H. Prif'n. 
Pyrolysis of Coal and Shale. Ind. and Eng. Chem. 
Ann. Rev. Supp. 1963, pp. 82-85. Reviews the 
literature on pyrolysis of coal and shale published 
during 1962; in(']udes review of selected j.ournals 
through April 1963. 
OP 307. Good, P. C. Preparation of Hig-h Purity 
Metals. Min. Congo J., V. 46, No.9, September 
1960, pp. 98-100. Reviews research at the Albany 
Metallurgy Research Center in the developmf'nt of 
processes for recovering unusual metals, such as 
vanadium, thorium, zirconium, and tantalum, in 
high-purity form. 
OP 308. Good, W. D. The Heat of Formation of 
Silica. J. Phys. Chern., V. 66. No.2, February 
1962. p. 380. Summarizes results of rotating-bomb 
calorimetry of silicon and reports accurate heat 
of formation of silica, the new value being 4 per-
cent different from previously accepted value for 
this important mineral. 
OP 309. Good, W. D., D. R. Douslin, and J'. P. 
McCullough. 1,2-Bis-Difluoroamino-4-MethYlp~l1tane: 
Heats of Combustion, Formation, and Vaporization; 
and Vapor Pressure. J. Phys. Chem., V. 66, May 
1962, p. 958. Results of heat of combustion meas-
urements were used to evaluate, for the first time, 
the N-F bond ,energy in an organic difluoroamino 
compound. 
OP 310. Good, W. D., D. R. Douslin, and J. P. 
McCullough. 1,2 - BLs - Difluoroamino - 4 - Methylpen 
tane: Heats of Oomimstion, .Iforlllation, and Vapor-
ization; Vapor Pressure; and N-F Thermochemical 
Bond Energy. J. Phys. Chern., v. 67, 1963, pp. 
1312-1314. In continuing studies of organic fluorine 
compounds, the Bureau has made accurate thermo-
dynamic measurements in 1,2-bis-difluoroamino-4-
methylpentane. Describes development of new 
techniques developed for combustion calorimetry 
and vapor pressure measurements on compounds of 
this class. N-F thermochemical bond energy was 
found to be about the same as in Nlfa and N~F4 but 
significantly less than that in perfluoropiperidine. 
OP 311. Good, VV. D., J. L. Lacina, B. L. DePrater, 
and J. P. McCullough. A New Approach to the 
Combustion Calorimetry of Silicon and Organosili-
con Compounds. Heats of Formation of Quartz, 
·Fluorosilicic Acid, and Hexamethyldisiloxane. J. 
Phys. Chern., v. 68, March 1964, pp. 579-586. De-
scribes a rotating-bomb method that was developed 
for precision combustion calorimetry of crystalline 
silicon and organosilicon compounds. 
OP 312. Good, W. D., J. L. Lacina, and J. P. Mc· 
Cullough. Methanethiol and Carbon Disulfide: 
Heats of Combustion and Formation by Rotating-
Bomb Calorimetry. J. Phys. Chern., v. 65, 1961, 
'pp. 2229-2232. Heats of combustion of these highly 
volatile compounds were measured by rotating-bomb 
calorimetry. and standard heats of formation were 
calculated from the results. 
OP 313. ---. Sulfuric Acid: Heat of Formation 
of Aqueous Solutions by Rotating-Bomb Calorime-
try. J. Am. Ch€'m. Soc., v. 82, No. 21, 1960, pp. 
5589-5591. Rotating-bomb calorimetry of rhombic 
sulfur, mixed with hydrocarbon oil in widely vary-
ing proportions, led to a more accurate value of 
the heat of combustion. The heat of formation 
of aqueous sulfuric acid was calculat€'d from the 
measured value of the heat of combustion. Dis-
crepancies in ,previous determina tions may have 
stemmed partly from failure to detect and correct 
for N20 in the reaction products. 
OP 314. ---. Tetramethylthiuram Monosulfide 
and TetramethylthiuramDisulfide: Heats of For-
mation by Rotating·Bomb Calorimetry; the S-S 
Thermochemical Bond Energy, J. Phvs. Chern., v. 
65, No.5, May 1961, pp. 860-862. The heats of 
combustion and formation were determined for 
tetramethylthinram monosulfide [bis- (dimethyl-
thioca bamoyl) sulflne] and tetramethyltriuram 
disulfide [bis- (dimethylthio('arbamoyl) disulfide]. 
The S-S thermochE'mical bond energy in t~tra..; 
methylthillram disulfide was shown to be about the 
same as in normal alkane disulfides and in S8. 
Rotating-bomb combustion calorimetry was found 
satisfnctory for compounds that contain both sulfur 
and nitrogen. 
OP 315. Good. W. D., J. L. Lacina, D. W. Scott, 
and J. P. MrCullongh. Combustion Calorimetry of 
Orgrmic Flnorine Compounds. The Heats of Com-
bm~tion and Formation of the Diflllorobem:enes, 
4-Fluorotoluene and m-Trifluorotoluic Acid. J. 
Phys. Chern., v. 66, No.8. Aug-mIt 1962, pp. H)29-
1032. Describes experimental invef:ltigations of the 
hE'ats of combustion of five organic fluorine com-
pounds. Valnes of the stannArd heats of com-
bustion and formation are dE'rivl?d. 
OP 316. Good. W. D .. M. Manf:lson, and J. P. Mc-
Cull 011 gh. Thermoch€'miRtry of Boron ann Some 
of Its Compounds. The HElnts of Formation of 
TrimethylaminE'horAne and OrthohOl'lr Acin. Proe. 
Symp. on Thermodynamics and Thermochemistry, 
Lund, Sweden, July 18-23, 1963, v. 1, pp. 1-9. 
131 
Articles Published 
Gives determination of the heats of combUstion of 
organic boron compounds. The heats of combustion 
of crystalline boron and trimethylamineborane, 
( CHa) aNBHa, were determined. The combustion 
product was a solution of fluoboric acid in excess 
aqueous HF. The standard heat of formation of 
trimethylamineborane is -34.04±O.55 kcal/mole-1. 
The heat of solution of orthoboric acid in an HF 
solution chosen to yield the same fluoboric acid 
solution was determined. The heat of formation of 
orthoboric acid was calculated as -261.47±0.20 
kcal moleJ • Combination of these results with 
data from the literature permitted calculation of 
the heats of formation of B20 S and B2Ho referred 
directly to crystalline boron. 
OP 317. Good, W. D., and D. W. Scott. Combustion 
in a Bomb of Organic Fluorine Compounds. Ch. 2 in 
Experimental Thermochemistry, ed. by H. A. Skin-
ner. Interscience Publishers, Ltd., London, v. 2, 
1962, pp. 15-39. Describes in detail apparatus used 
by the Bureau of Mines in precise heat of combus-
tion measurements on organic fluorine compounds. 
OP 318. ---.. Combustion in a Bomb of Organo-
metallic Compounds. Ch. 4 in Experimental Ther-
mochemistry, ed. by H. A. Skinner. Interscience 
Publishers, Ltd., London, v. 2, 1962, pp. 55-75. 
Describes in detail apparatus, techniques, and 
methods of calculation used by the Bureau of 
Mines in precise heat of combustion measurements 
on metal organic compounds. 
OP 319. ---. Thermochemistry of Organic 
Fluorine Compounds and Carbon Compounds of 
Metals by Rotating-Bomb Calorimetry. Pure and 
Appl. Chem., v. 2, 1961, pp. 77-82. In recent years 
the Bureau of Mines has investigated organic 
fluorine compounds and organometallic compounds 
and other carbon compounds of metals. Techniques 
developed for rotating-bomb calorimetry of these 
two classes of compounds are reviewed. 
OP 320. Good, W. D., S. S. Todd, J. F. Messerly, 
J. L. Lacina, J. P. Dawson, D. W. Scott, and J. P. 
McCullough. Piperfluoropiperidine: Entropy, Heat 
of Formation, and Vapor Pressure; N-F Bond 
Energy; and Solid-State Transitions.· J. Phys. 
Chem., v. 67, No.6, June 1963, pp. 1306-1311. Gives 
results of investigation of thermodynamic proper-
ties of perftuoropiperidine including values of heat 
capacity above 12° K and below 320° K; tem-
perature of two transitions in the solid state; triple-
point temperature; heats of transition, fusion, and 
separation; vapor pressure (302°-355° K); and 
the standard heats of combustion and formation at 
298.15° K. A value for the N-F thermochemical 
bond energy was calculated from the results. 
OP 321. Grant, R. L., N. E. Hanna, ann R. W. 
Van Dolah. Improved Gap S.ensitivity Tests for 
Permissible Explosives. Pres. at 11th Internat. 
Conf. of Directors of Safety in Mines Res., War::law, 
Poland, Oct. 16-24, 1961, 7 pp. (preprint). Describes 
two new gap sensitivity test methods for permissi-
ble explosives. although neither method will be 
adopted for official testing of permissible explosives 
until further studies are made. 
OP 322. Green, Thomas E. Anti-Bump Device for 
Use With Small Beakers. Chemist-Analyst, v. 53, 
No.4, October 1964, pp. 118-119. Describes an 
antibump device for use with small beakers that 
can be ma de in the laboratory from standard 
'aluminum tubing. 
OP 323. Grumer, Joseph, and Margaret E. Harris. 
Smoke Limits of BUnsE'n Burner Ethylene-Air 
Flames. Ind. and Eng. Chem., v. 53, No.1, Janu-
ary 1961, p. 54 (correspondence) . Smoke limits 
and yellow-tip limits of gaseous fuel-air flames 
may be correlated by a simple assumption: For 
a given burner and same total flow for both limits, 
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the difference in fuel flow between the value at 
which yellow first appears in a flame (the yellow-
tip limit) and the value at which smoke is first 
emitted (the smoke limit) is directly proportional 
to the latter fuel flow. 
OP 324. Grumer, Joseph, Margaret E. Harris, and 
Valerie R. Rowe. Relations of Fundamental Flash-
back, Blowoff and Yellow-Tip Limits of Fuel Gas-
Air Mixtures to Design Factors of Burners in 
Gas Appliances. Am. Gas. Assoc., March 1960, 
60 pp.; Am. Gas Assoc. Monthly, v. 12, April 1960, 
pp. 12, 31. Attempt to determine the performance 
characteristics of multiport burners and the effect 
of flows of ambient air within an appliance on the 
-flames surrounded by this flow. 
OP 325. Grumer, J., A. Strasser, T. A. Kubala, and 
D. S. Burgess. Uncontrolled Diffusive Burning of 
Some New Liquid Propellants. Fire Res. Abs. and 
Rev., v. 3, No.3, September 1961, pp. 159-176. 
Reports results of laboratory-scale tests of the 
behavior of burning MAF fuels. Data obtained 
should be applicable to other fuel-oxidant systems. 
OP 326. Guthrie, G. B., and J. P. McOullough. 
Some Observations on Phase Transformations in 
Molecular Orystals. J. Phys. Ohem. Solids, v. 18, 
No.1, 1961, pp. 53-61. Illustrates the use of 
calorimetric data in interpreting phase behavior in 
molecular crystals. Values of entropy of transition 
are used to estimate the number of distinguishable 
molecular orientations ina disordered phase, and 
symmetry and steric considerations are used to find 
a reasonable description of these orientations. 
OP 327. Haines, W. E. Nitrogen. Anal. Ohem., 
Ann. Rev., pt. 1, v. 35, No.5, April 1963, pp. 127R-
128R, 131R. Reviews the literatUre on nitrogen 
published during 1960-62. 
OP 328. ---. Oxygen. Anal. Ohem., Ann. Rev., 
pt. 1, v. 35, No.5, April 1963, pp. 128R-129R. Re-
views the literature on oxygen published during 
1960-62. 
OP 329. ---. Some Ohemical and Physical 
Techniques for Separation and Identification of 
Nitrogen Oompounds in Petroleum. Proc. API, v. 
42, sec. 8, 1962, pp. 51-54. Discusses the techniques 
and equipment used by API Research Project 52. 
OP 330. ---. Sulfur. Anal. Ohem., Ann. Rev., 
pt. 1, v. 35, No.5, April 1963, pp. 129R-131R, 141R. 
Reviews the literature on sulfur published during 
1960-61. 
OP 331. Hanna, N. E., R. L. Grant, and R. W. Van 
Dolah. Factors Influencing the Incentivity of 
Permissible Explosives: Ammonium Nitrate and 
Oarbonaceous Materials. Pres. at 11th Internat. 
Oonf. of Directors of Safety in Mines Res., Warsaw, 
Poland, Oct. 16-24, 1961, 8 pp. (preprint). (Pub. 
as RI 5867.) Describes a satistically designed ex-
periment for studying effects of the particle size 
of ammonium nitrate ancI the type of carbonaceous 
materials used on the incendivity of permissible 
explosives. 
OP 332. Hansen, J. P. Oomments on "Investigation 
of the Reduction of the Bond Minerals in Iron 
Ore Agglomerates," by R. L. Rueckl. Proc. Blast 
Furnace, Ooke Oven, and Raw Materials Oonf., 
Detroit, Mich., April 1962, v. 21, 1962, pp. 311-313. 
Discusses use of a screen series to diminish the varia-
tion in size particle range; offers equations to repre-
sent the stoichiometry of dicalcium ferrite, monocal-
cium ferrite, and calcium diferrite. 
OP 333. ---. Disc. on "Oombustion Zone in 
Iron Ore Sintering," byR. Schluter .and G. Bit-
sianes. Agglomeration, ed. by W. A. Knepper, 
Interscience Publishers, Inc., New York, 1962, pp. 
637. Oomments on the possibility of reducing the 
combustion rate- calculation to a simpler form and 
suggests possible ways to widen the combustion 
zone. 
OP 334. Hansen, J. P., Gust Bitsianes, and T. L. 
Joseph. A Study of the Kinetics of Magnetic Roast-
ing. Proc. Blast Furnace, Coke Oven, and Raw Ma-
terials Oonf., AIME, v. 19, 1960, pp. 185-205. Pel-
lets of hematite, prepared from Baker's Ferric 
Oxide and fired at temperatures of 1,250°, 1,325°, 
-and 1,375° 0, were reduced to magnetite using a 
mixture of carbon monoxide, carbon dioxide, and 
nitrogen. Using a loss of weight method, the 
movement of the reaction interface was calculated 
and was found to move at a constant rate from the 
surface to the center of the pellet. The rate of 
movement was determined as a function of tempera-
tUre and gas composition. Rate-controlling steps 
were hypotheSized from the dependence of the 
reduction rate on the gas composition and its 
activation energy. 
OP 335. Hansen, J. P., N. B. Melcher, and M. M. 
Fine. Prereduced Iron-Ore Pellets, Their Experi-
mental Preparation. J. Metals, v. 13, April 1961, 
pp. 314-315. A super blast-furnace feed-hard 
prereduced pellets-has been the objective of small-
scale experimental work by the Bureau of Mines. 
Results have been sufficiently promising to con-
tinue research to develop a continuous production 
method. 
OP 336. Hansen, J. P., and T. N. Rushton. Experi-
mental Preparation of Prereduced Iron Ore Pellets. 
Proc. 23d Ann. Min. Symp. and Ann. Meeting, 
Minnesota Sec., AIME, August 1962, pp. 43-48. 
Reports the results of laboratory tests and small 
kiln experiments for simultaneous metallization and 
hardening of green pellets. The effect of tempera-
tUre and residence time was determined, and 
various solid fuels were compared. 
OP 337. Hardwick, W. R. Surface Mining and 
Mechanization in the Oopper Mines of South-West-
ern United States. J. Mines, Metals & Fuels, v. 10, 
Special Issue, 1962, pp. 24-29. Describes methods 
by which surface copper mines have offset higher 
labor costs, shortage of experienced labor, and 
decrease in metal content of ore by increasing 
productivity through mechanization. Lists initial 
reserve, estimated life, number of men employed, 
and production in 1959 for five typical U.S. mines. 
Describes practices for drilling, loading, and trans-
porting rock and gives the capacity of various 
machines. 
OP 338. Harris, E. J. The Fluid Network Analyzer 
as an Aid in Solving Mine Ventilation Distribution 
Problems. Trans. AIME, v. 229, 1963, pp. 391-395. 
Describes and discusses the direct electrical-analogy 
method of analyzing mine-ventilation networks, 
using the Bureau's fluid network analyzer. Ohanges 
to represent alternate plans of distribution or 
different operating features can be made easily and 
the effects measured rapidly. Oomparison of math-
ematical solutions of complex systems against 
analog results showed a maximum variance of 
3 percent for pressures and 2 percent for quantities. 
OP 339. Harrison, Lawrence H. Bureau Approves 
the Silicon Diode Method of Frame Grounding. 
Ooal Min. and Processing, v. 1, No.6, June 1964, 
pp. 33-34. Describes method of frame grounding 
in which a silicon di-ode is used to connect the 
machine frame to the grounded side of the power 
cable. Gives reasons for Bureau acceptance of 
this method. 
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OP 340. ---. Oontributions of American Stand-
ards to Mine Safety. Mag. Standards, A.S.A., v. 
35, No.1, January 1964, pp. 14-16. Discusses the 
promotion of safety within the mining industry by 
the establishment of appropriate safety standards, 
including standard practice for rock-dusting, speci-
fications for roof bolting, rules for installing and 
using electrical equipment, and others. 
OP 341. Harrison, Lawrence H. Ground-Fault 
Monitoring on Low Voltage Circuits. Mechanization, 
v. 24, No.1, January 1960, pp. 72-74. Considers the 
desirability of monitoring grounding circuits of min-
ing equipment ·and presents several .suggested 
methods for monitoring the grounding cir.cuits of ac 
mining equipment. 
OP 342. ---. Silicon Diodes for Frame Ground-
ing-U.S. Bureau of Mines Requirements. Min. 
Congo J. V. 50, No.3, March 1964, pp. 53-54. (For 
summary see OP 339). 
OP 343. Hawk, C. 0., M. D. Schlesinger, and R. 
W. Hiteshue. Addition of Pulverized Coal to 
Paving Asphalts. Coal Utilization, V. 17, No.5, 
May 1963, pp. 21-23. Gives results of a study of 
methods for dispersing coal in asphalt paving. 
Road strips bound with asphalt containing 10 to 
20 percent coal, laid in June 1961, are wearing well. 
OP 344. Hayes, Earl T. Chromium and Vanadium. 
Ind. and Eng. Chem., V. 53, No.2, February 1961, 
pp. 105-107. Indicates the similarities of the 
metals and then analyzes both separately. The 
metals are similar, but the closeness of their rela-
tionship is not comparable to that of titanium and 
zirconium or tantalum and niobium. 
OP 345. Haymes, J. G. Impurity Analysis in 
Tungsten. Abs. in Conf. on Res. in Progress in 
Tungsten, May 20-21, 1959 (pub. by Office of 
Ordnance Research, U.S. Army, Durham, N.C.), 
1959, pp. 3-4. Reports progress made by the 
Bureau in analyzing tungsten products for im-
purity content; presents some of the problems 
encountered during analysis, accuracy of the results 
obtained, and the range of sensitivity for elements 
desired. 
OP 346. Haynes, R. D. Operating Experience With 
Diaphragm-Type Compressor in Helium Service. 
Proc. Rotating Machinery for Gas-Cooled Reactor 
Application Meeting, Oak Ridge National Labo-
ratory, U.S. Atomic Energy Commission, Oak Ridge, 
Tenn., April 2-4, 1962. TID-7631. Describes com-
pression of grade A helium from 2,600 to 4,000 psig 
without contamination by using a metal diaphragm 
compressor. 
OP 347. Hazen, Scott W., Jr. Disc. of "Effective 
Pay Limits for Selective Mining," by D. G. Krige. 
South African lnst. Min. and Metall., V. 63, No.1, 
August 1962, pp. 52-53. 
OP 348. ---. Disc. of "Value Contours and 
Improved Regression Techniques for Ore Reserve 
Evaluations," by D. G. Krige and H. J. Uechermann. 
J. South African Inst. Min. and Metall., v. 64, No. 
3, October 1963, pp. 117-119. 
OP 349. Heemstra, R. J., J. Wade Watkins, and 
F. E. Armstrong. Laboratory Evaluations of Nine 
Water Tracers. Nucleonics, V. 19, No.1, January 
1961, pp. 92-96. Radiotracers are needed to follow 
subsurface fiow in the water of petroleum-reservoir 
materials and stability in brine solutions. To test 
several likely substances against these standards, 
laboratory tests f.or stability and losses fr.om 
solution when the tracers pass through geological 
cores have been made. Measurements of radio-
activities in both the solution being recycled and 
the drained core material offer a significant com-
parison of the different tracers. 
OP 350. Heindl, R. A., and R. C. Wilmot. Bauxite 
and Alumina. Document of United Nations Eco-
nomic Commission for Asia and the Far East, No. 
1 & NR/sub. 3/62, April 19, 1960. Briefly discusses 
long-term outlook for the bauxite and alumina 
industries; describes bauxite sources and mining 
methods; lists raw material requirements for a 
20,OOO-ton-capacity aluminum plant; and suggests 
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:five approaches for the commercial utilization .of 
undevel.oped bauxite resources. 
OP 351. Heising, L. F., and R. C. Briggs. Sampling 
for R-N Process Tests. Preliminary Engineering 
Studies for Applicati.on of the R-N Process to Lake 
Superior Region Iron Ores. U.S. Department .of 
. Commerce, Area Redevel.opment Administration, 
December 1963, pp. 1-13. Discusses Bureau of 
Mines program to provide representative samples 
of Lake Superior iron ores forR-N direct-reduction 
process feasibility tests in cooperation with the 
Area Redevelopment Administration. Samples 
were obtained from the Cuyuna, Mesabi, Gogebic, 
and Marquette iron ranges. 
OP 352. Helm, R. V., D. R. Latham, C. R. Ferrin, 
and J. S. Ball. Identification of Carbazole in 
Wilmington Petroleum Through Use of Gas-Liquid 
Chromatography and Spectroscopy. Anal. Chern., 
V. 32, No. 13, December 1960, pp. 1765-1767. Re-
veals the presence of carbazole in Wilmington, 
Calif., petroleum-the :first nonbasic nitrogen com-
pound isolated from, virgin petroleum. 
OP 353. Henderson, A. W. Chlorination of Ores 
and Concentrates. J. Metals, v. 16, No.2, Febru-
ary 1964, pp. 155-160. Describes the apparatus and 
procedures for extracting tantalum, columbium, and 
tungsten chlorides from complex ores by chlorina-
tion. The pretreatment of the ores with chlorine 
in the presence of a reducing agent t.o convert 
metal oxides to chlorine salts is discussed. The 
selective volatilization and condensation of the 
chlorine salts are also reported. 
OP 354. Henrie, T. A. Disc. of "Equilibrium Be-
tween Metals and Their Chlorides." by L. Yang, 
R. G. Hudson, and C.-Y. Chien. III Physical 
Chemistry of Process Metallurgy, Part 2, ed. by 
C. R. St. Pierre. Interscience Publishers, Inc., New 
York and London, v. 8, 1961, pp. 942-943 (AIME', 
Metallurgical Society Conferences series). Oxide 
ceramic materials react with the sub chlorides of 
reactive metals in fused chloride melts. To prevent 
contamination while making equilibrium measure-
ments in the chlorides, only relatively noble metals 
or other inert materials should contact the melts at 
temperatures above 4000 to 5000 C. 
OP 355. ---. Electrowinning Rare-Earth and 
Uranium Metals From Their Oxides. J. Metals, v. 
16, No. 12, December 1964, pp. 978-981. Discusses 
a technique developed by the Bureau of Mines: the 
electrolysis of a fluoride melt containing the oxide 
of the metal in question, depositing the molten 
metal at the cathode, and evolving carbon monoxide 
at the anode. 
OP 356. Henrie, T. A., and D. H. Baker, Jr. A 
Theory on the Reduction of Titanium Chlorides by 
Metallic Sodium. In Physical Chemistry of Process 
Metailurgy, Part 2, ed. by G. R. St. Pierre. Inter-
science Publishers, Inc., New York and London, v. 
8, 1961, pp. 721-744 (AIME, Metallurgical Society 
Conferences series) . The sodium reduction of 
titanium chlorides in fused sodium chloride was 
studied by the Bureau of Mines. Researchers found 
that there were two phases present, one the a.-phase, 
which consisted of dissolved sodium in sodium 
chloride, and the .a-phase, which was titanium 
sub chlorides dissolved in sodium chloride. The 
mechanism of the principal reacti.on between the 
heterogeneous phases is assumed to be electro-
chemical in nature. The model proposed is a 
galvanic-type reaction at the interfacial' region. 
Sodium metal is ionized at an anodic site on a 
metal surface in the a.-phase. The electrons pro-
duced by this reaction are conducted across the 
interfacial region through the metal to the .a-phase 
where the titanium species are reduced by a 
cathodic reaction t.o produce titanium metal. 
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OP 357. Herdlick, J. A. U.S. Bureau of Mines 
Program in Alaska. Min Eng., v. 13, No. 12, 
December 1961, pp. 1343-1346. Discusses the 
Bureau's investigation of ferrous and nonferrous 
metals, nonmetallic minerals, coal, and petroleum. 
Considers testing and analysis, sampling and in-
spection of coal, and analyses of crude oil. De-
scribes the collection and dissemination of mineral 
production, consumption, accident, and employment 
statistics; the compilation and publication of gen-
eral data of special interest to the mineral industry; 
and studies of the Alaskan mineral economy and 
its trends. 
OP 358. Higgins, R. V. Quick Methods of Oil 
Reservoir Analysis. Petrol. Eng., v. 32, No.5, 1960, 
pp. B27-B33. Describes the factors involved and 
outlines the procedures in the proposed quick 
methods for determining the saturation at break-' 
through, approximating relative permeabilities of 
cores, and evaluating the preferential wettability 
of a core to oil and water. 
OP 359. Higgins, R. V., and A. J. Leighton. Aids 
to Forecasting the Performance of Waterfloods. J. 
Petrol. Technol., v. 16, No.9, September 1964, pp. 
1076-1082. Presents a computer method for obtain-
ing the shape factors and equal cell volumes of 
channels from a potentiometric model for any well 
spacing pattern: Results show that the most favor-
able factors for a successful flood, in order of 
importance, would be (1) a good oil saturation, 
(2) a favorable permeability profile, (3) a low oil 
viscosity, (4) favorable relative permeability curves 
as those associated with reservoir rocks that are 
preferentially water-wet, and (5) the well spacing 
pattern. 
OP 360. --. A Computer Method to Calculate 
Two-Phase Flow in Any Irregularly Bounded 
Porous Medium. J. Petrol. Technol., v. 14, No.6, 
June 1962, pp. 679-683. Presents a fast method 
for calculating thoroughly the performance of two-
phase flow in reservoir rock with complex geometry. 
OP 861. ---. Computer Prediction of Water 
Drive of Oil and Gas Mixtures Through Irregularly 
Bounded Porous Media-Three-Phl'lse Flow. J. 
Petrol. Technol., v. 14, No.9. September 1962, pp. 
1048-1054. Presents a method of forecasting three-
phase flow in complex geometry, using, as a specific 
example to explain the details of the method, a five-
spot waterflood of a partially depleted stratified 
reservoir. 
OP 362. ---. Five-Spot and Line-Drive Water-
flood Prediction .of Oil Rerovery With and Without 
Initial Gas Saturation. Proc. Permil'ln Basin Oil 
Recovery Conf., AIMID, MAY 9-10. 1963. pp. 48-52. 
Presents' grl'lphs whirh require only minutes to use 
that will forecast the waterflood performance of 
the five-spot and linear patterns with reasonable 
accnracy using permeability curves amI the vis-
cosity of the water and oil in place. The graphs 
give the performances of waterfloods starting with 
no gas pre~ent in the reRervoir bE'fore the flood and 
with gas initially present incrE'lu~ing by incremE'nts. 
Graphs for predicting the p~rformance of multi-
laYE'rpd reservoirs also are presented. 
OP 363. ---. Wnterflooo Performance in Strati-
. fiE'o RE'~~rvoirs. Mines Mag.. 2Elth Anniver~ary 
Annual Pf'troleum Number, v. 50. No. 11, November 
1960. pp. 50-54. Presents a methoo that employs 
satnration rhanges in evaluating- the recovpry of 
oil from a rE'servoir rock comlisting of sand layers 
having flifi'erent permeabilities to oil ano watpr. 
The combined oil rate, water rate, water-oil ratio, 
and recovery of oil from these layers are calcull'lted; 
from these data the economic water-oil ratio at 
which to. terminate the production is easily 
computed. 
OP 364. Higley, L. W. Use of Depleted Uranium 
in Bearing Metals and Low-Alloy Steels. OTS 
Rept. 8212, November 1962, pp. 00-00. Gives results 
of tests of binary and ternary alloys of lead, an-
timony, and copper containing < 33 percent ura-
nium . fo.r hardness, co.mpressive strength, wear 
resistance, and co.efficient of frictio.n. The results 
were co.mpared with known properties of com-
mercial babbitts. Steels containing 0.2 to. 1.5 
percent uranium were prepared and tested for 
mechanical properties. No advantage resulted 
from the uranium addition. 
OP 365. Hiteshue, Raymond W., Robert B . .Ander-
son, and Sam Friedman. Gaseous Hydrocarbons 
by Hydrogenation of Coals and Chars. Ind. and 
Eng. Chem., v. 52, July 1960, pp. 577-579. Discusses 
the amenability of coals and chars to. conversion to. 
gaseous hydrocarbons at 6,000 psig and 8000 C 
with higher flo.ws of hydrogen. 
OP 366. Ho.fer, L. J. E. Rev. of "Catalysis by 
Metals," by G. C. Bond. J. Am. Chem. Soc., v. 84, 
No. 23, 1962,pp. 4615-4616. 
OP 367. Ho.fer, L. J. E., and E. H. Bean. X-Ray 
Powder Diffraction Patterns o.f Solid Organic Bases. 
Fuel, v. 40, No.6, November 1961, !lP. 503-509. 
Presents X-ray powder diffraction patterns of 22 
solid orgallic bases. 
OP 368. Ho.fer, L. J. E., Patricia Gussey, and R. 
B. Anderson. Specificity of Catalysts for the 
Oxydation of Carbo.n Monoxide-Ethylene Mixtures. 
J. Catalysis, v. 3, No.. 5, October 1964, pp. 451-460. 
Reports the specificity of iro.n, cobalt, chromium, 
and copper catalysts for the o.xidation of ethylene 
and carbon mo.noxide for temperatures fro.m 500 
to 600 0 C. 
OP 369. Hofer, L. J. E., J. F. Shultz, R. D. Panson, 
and R. B. Anderso.n. The Nature of the Nickel 
Boride Formed by the Actio.n of Sodium Bo.rohy-
dride on Nickel Salts. Inorg. Chern., v. 3, No. 12, 
Derember 1964, pp. 1783-1785. Finely divided 
nickel boride uReful in catalysts and fm~l cell elec-
trode is prepared by the action of solutions of sod-
ium o.r p-otasinm boro.hydride on solutions of nickel 
salts. The study shows that nickel boride prepared 
in this way is an interstitial compound isomorphous 
with cementite. 
OP 370.· Hofer. L. J. E., and E. W. Tool'. Magnetic 
Balance for Ferromagnetism. Rev. Sci. Instr., v. 
33, No.4, April 1962, pp. 417-422. Describes a 
Mathieu-type pendulum magnetic balance that 
employs the Faraday principle for measuring the 
spe<>ific mag-netization of ferromag'Iletic materials. 
OP 371. Howard, Hpnry C. Pyrolytic Reactio.ns of 
Coal. Ch. 9 in Chemistry of Coal Utilization: 
134 
Snnplementary Volume. ed. by H. H. Lowry. John 
Wiley & Sons, Inc., New York, 1963, pp. 340-394. 
DiRcusses chl'lng-ps occnrring in coal below de-
composition temperatures, reactio.ns at and above 
derompm;;ition tpmppratures, special pyrolytic pro-
cedures and apparntns. effects of pretreatment and 
aoditives 011 the pyrolytic process, distribution of 
the elE'ments among pyrolysis proonrts, general 
me<>hanisms of thermal decompo.sition, kinetic 
studie~ of vario.us coals, and pyro.lysis of model 
comnounos. 
OP 372. Howard. Thomas E. 1\fptal and Non-
ME'tal Mining Res~arch in the Bnrf'f1U ot MinE'S. 
Min. Flng'. v. 14. No.. 1. January 1!)62. pp. ElO-n2. 
Des('ribE'R the metnl and nonmetal mining rN1Parch 
in the RurNlU and the special phases o.f the re-
search performed at the five units engaged in the 
program. 
OP 373. Howell, W. D., F. E. Armstrong, and J. 
Wade Watkins. Radioactive GaR Tracer Survey 
Aids Waterfiood Planning. Wo.rld on, v. 152, Feb. 
1, 1961, pp. 41-42, 45. Describes a radioactive gas 
tracer survey used to correlate the directional trend 
in fractures and to aid in planning a water-injection 
system in the Spraberry Trend of West Texas. The 
techniques developed for the Spraberry reservoir 
are applicable to gas-tracer tests, under varied 
cirCUmstances, in stimulative projects using gas 
injection, water injection, miscible-phase displace-
ment, and cOll1bustion to increase production. 
OP 374. Hubbard, Arnold B. Oil-Shale Assay 
Method for Product Balance Studies. Fuel, v. 41, 
No.1, January 1962, pp. 49-54. Describes a refined 
assay method for oil shale that was developed to 
assist in making product balance and evaluation 
stUdies of the large oil-shade deposits of Colorado, 
Utah, and \Vyoming. 
OP 375. Hubbard, W. N., F. R. Frow, and Guy 
Waddington. The Heats of Combustion and For-
mation of Pyridine and Hippuric Acid. J. Phys. 
Chern. v. 65, 1961, pp. 1326-1328. The heats of 
combustion of pyridine and hippuric acid were de-
termined by precision oxygen-bomb calorimetry, and 
these values, in keal mOle-\ are reported for' the 
standard heat of formation, AHfo 298.15, from 
graphite, and gaseous hydrogen, oxygen, and nitro-
gen: Pyridine (liq.) , 23.89; hippuric acid (c), 
-145.54. Recommendations are made for methods 
of determining the amount of reaction in combus-
tion calorimetry. The suitability of hippuric acid as 
a reference substance for the combustion calorimetry 
of organic nitrogen compounds is discussed. 
OP 376. Hubbard, Grant L., and Thomas E. Green. 
Apparatus for Multiple Solvent Extradions. Chem-
ist-Analyst, v. 53, No.4, October 1964, pp. 119-120. 
Describes an apparatus consisting of a rack for 
mounting four modified conical flasks on a labo-
ratory shaker, and an adjustable frame on which 
the rack can be hung for the separation of the 
phases. The use of two sets of four flasks, each 
set mounted on a rack, permits manual operations 
to be performed on one set while the other is being 
shaken.' Eight samples can be processed in little 
more time and with less effort than is required 
for two samples. 
OP 377. Huff, W. R., and L. F. Willmott. Metering 
Density and Flow of Slurries. Chern. Processing, 
v. 24, No.2, February 1961, pp. 61-62. Describes 
the evaluation of two density meters and one :flow-
meter for use with a coal slurry. Both density 
meters depend upon a measurement of pressure loss 
in a special pipe section, comparing the loss when 
pulverized coal and water are. being pumped at a 
1:1 suspension by weight to the loss when water 
only is pumped. An evaluation of an electro-
magnetic-type flowmeter is given, and a combination 
of meters is suggested for integrating measurement 
of density and flow. 
OP 378. Huffman, H. M., M. E. Gross, D. W. Scott, 
and J. P. McCullough. Low Temperature Thermo-
dynamic Properties of Six Isomeric Heptanes. 
J. Phys. Chem. v. 65, 1961, pp. 495-50.3. Low-
temperature thermal measurements were made on 
the nine isometric heptanes, but definitive results 
conld be obtained for the following six compounds 
only: n-heptane, 2-methylhexane, 3-ethylpentlln~, 
2.2-dimethylpentane, 2.4-dimethylpentane. and 2,2.3-
trimethylbl1tane. Values of heat capacity in the 
solid and liquid stat4;'S and of the latent heats and 
temperntures of isothermal phnse chllnges were 
determined for each of these six isomers. Also, 
the vapor pressure of 2-methylhexane was meas-
ured. From the observed data were calculated 
values of the free energy function, beat content 
function, heat content, and entropy and heat ca-
pacity of the condensed phases at selected tempera-
tures between 10.° and 300 0 K. These results and 
literature values of heat of formation, heat of va-
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porization, and vapor pressure were used to com-
pute values of the chemical thermodynamic prop-
erties for the liquid and ideal gas states at 
298.15° K. 
OP 379. Hughes, K. J., and R. W. Hurn. A Pre-
liminary Survey of Hydrocarbon-Derived Oxyge-
nated Material in Automooile Exhaust Gases. J. 
Air Pollution Control Assoc., v. 10., No.5, October 
1960., pp. 367-373. Outlines the types and quanti-
ties of oxygenates - hydrocarbon-derived oxyge-
genated materials-that might be found in automo-
tive engine exhausts. More than 30. oxygenates in 
the molecular weight range of ethylene oxide 
through pentanol have been found in automobile 
exhaust gases i 14 have been identified positively, 
and tentative identifications have been established 
tor another 18. The mode' of engine operation and 
the chemical composition of the fuel influences 
the emission of exhaust gases. The influence is 
qualitative and quantitative. 
OP 380. Hughes, K. J., R. W. Hurn, and F. G. Ed-
wards. Separation and Identification of Oxygenated 
Hydrocarbons in Combustion Products l!'roill Auto-
motive Engines. Ch. in Gas Chromatography. Aca-
demic Press, Inc., New York, 1961, pp. 171-182. 
Gas-liquid partition chromatography bas been used 
to separate and identify oxygenated derivatives of 
hydrocarbons that are found in the products of 
combustion of hydrocarbon fuels. A three-stage 
gas-liquid partition chromatography unit has been 
used to make a gross separation of hydrocarbons, 
oxygenated materials, and water; fractions that 
are unresolved are recovered for reanalysis in a 
single-stage chromatographic unit. The general 
range of oxygenated compounds for which the 
chromatographic equipment can be used covers 
ethylene oxide through n-pentanol. 
OP 391. Hunter, T. W. Bituminous Coal and Lig-
nite Distribution. Current Coal Trends, v. 8, No. 
12, December 1961, pp. 3-4. Discusses the ways 
in which Bureau of Mines programs help to ad-
vance the position of coal and lignite in the highly 
competitive energy market. 
OP 382. Hurn, R. W. Comprehensive Analyses of 
Automotive Exhausts. Archives of Environmental 
Health, v. 5, December 1962, pp. 592-596. Presents 
a general review of the nature of the gaseous or 
volatilized components of automotive exhausts and 
reports on recent work conducted to define more 
precisely variations in exhaust-gas stream compo-
sition. 
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OP 383. HUrn, R. W., K. j. Hughes, and J. O. 
Chase. AppliC'ationof Gas Chromatography to 
Analysis of Exhanst Gas. Ch. in Vehicle Emis-
sions. Technical Progress Series, Society of Au-
tomotive Engineers, v. 6, 1964, pp. 94-101. Provides 
historical reference to work and findings in the 
early stages of development of gas-liquid chroma-
tography techniques for separation of the hydro-
carbons emitted in exhaust gas. 
OP 384. Irving, Donald R. Improved Methods for 
Upgrading Clays. Trans. AIME, v. 220, 1961, PP. 
207-20.9. Describes various investigations being 
carried on by the Bureau of Mines. 
OP 385. Iverson, H. G. Bureau of Mines Metal-
lurgical Research. J. Metals, v. 13, No. 11, Decem-
ber 1961, pp.918-920. Describes brie:fly the Bu-
reau's metallurgical research program, conducted 
at seven research centers and their associated 
labora tories. 
OP 386. Iverson, H. G. Role of Metallurgical Pilot 
Plants in the United States. Symposium on Pilot 
Plants in Metallurgical Research and Development, 
pub. by The Technical Journals of India, Private 
Ltd., Calcutta, 1960, pp. 83-90~ Metallurgical pilot 
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plants insure the success of commercial operations 
which may ensue. However, pilot plant. operations 
can be expensive; therefore, they must be care-
fully planned on the basis of adequate prerequisite 
data in techniques, design, and aim. These pre-
requisites are described. Once the data indicate the 
merit for pilot plant studies, the next step is deter-
mining the optimum size of the plant. This is 
usually determined by the minimum size of the 
equipment which presents the most difficult or se-
vere problems in predicting operational character-
istics in the commercial size. Results from more 
than a dozen Bureau of Mines pilot plants are 
given. 
·Op 387. Jacobson, I. A., Jr., and H. B. Jensen. 
Thermal Reactions of Organic Nitrogen Oompounds. 
II. 1-n-Butylpyrrole. J. Phys. Ohern., v. 66, July 
1962, pp. 1245-1247. Finds that 1-n-butylpyrrole 
isomerizes by a first-order reaction to 2-n-butyl-
pyrrole, which subsequently isomerizes, by an equi-
librium reaction, to 3-n-butylpyrrole. The 2- and 
3-n~butylpyrroles decompose to form pyrrole, 2- and 
3-methylpyrroles, 2- and 3-ethylpyrroles, 2- and 3-
vinylpyrroles, pyridines, and hydrocarbons. 
OP 388. ---. Thermal Reactions of Organic Ni-
trogen Oompounds. III. 1-Isopropylpyrrole. J. 
Phys. Ohern., v. 68, No. 11, October 1964, pp. 3068-
3070. Studies the thermal reactions of 1-isopropyl-
pyrrole and finds that 1-isopropylpyrrole isomerized 
irreversibly to 2-isopropylpyrrole which in turn iso-
merized reversibly to 3-isopropylpyrrole. The de-
composition products from the 1-isopropylpyrrole 
work consisted of 3-methylpyridine, pyrrole, 2-
methylpyrrole, 3-methylpyrrole, 2-ethylpyrrole, 3-
ethylpyrrole, and hydrocarbons. Samples of 2-
isopropylpyrrole and 3-isopropylpyrrole were also 
thermally studied. 
OP 389. Jacobson, Murray, and Henry G. Dorsett, 
Jr .. Dust Oan Be Dangerous. Modern Plastics, 
May 1962, pp. 134, 137, 215. Presents laboratory 
findings of dust-explosion hazards for 313 plastic 
materials. Relative ratings are characterized by 
empirical indexes. Factors affecting explosibility 
are described. 
OP 390. Jacobson, Murray, and John Nagy. Re-
cent Research on the Explosiveness of Agricultural 
Products. Food Technology, v. 16, No.2. February 
. 1962, pp. 32-34. Presents laboratory findings of 
explosion hazards for ·45 agricultural products. 
Relative ratings are characterized by empirical 
indexes and effects of particle size are shown. 
OP 391. James, R. S. A Oontinuous Methane Mon-
itoring System at the Working Face. Min. Oong. 
J., v. 45, No.5. June 1959, pp. 44-47. Early in 
1958 the Bureau appealed to manufacturers and 
the coal industry to help in preventing explosion 
disasters by starting research and development 
programs to produce a methane detection system 
that would provide automatic protection against 
dangerous concentrations of methane. This prog-
ress report indicates that the mining industry will 
have such a system available. 
OP 392. Jensen, James W. Damping Oapacity-
CauRe and Effect. Light Metal Age. V. 22, Nos. 
11-12. December 1964. pp. 4-8. Discusses vibration 
damping capacity and gives a substantial amount 
of data on the damping properties of commercial 
alloys. Describes a method of assigning a useful 
"damping index" and uses it to classify the alloys 
into high. medium, and low damping groups. 
OP 393. JimeRon. Robert M. Census of Federal 
Coal Research Given at Salt Lake Oity MeE'ting. 
Min. Eng., v. 15, No. 11. November 1963. pp. 51-55. 
Gives details of some of the Bureau's research pro-
grams on coal, including the coal-fired gas turbine, 
conversion of coal to gaseous and liquid fuels, coal 
reaction in plasma, use of coal for power genera-
tion, production of char from western coals, elec-
trostatic precipitation of dust, and the use of coal 
as supplemental fuel in blast furnaces. 
OP 394. Johansen, Robert T. How U. S. Govern-
ment and Industry Teamwork Developed Big Divi-
dend for Flood Operators. Kansas-Oklahoma Oil 
Reporter, V. 4, No.6, September 1961, pp. 40-44. The 
development of the use of sodium tripolyphosphate 
(STP) as an additive to injection water for im-
proving the injection rates in troublesome water-
floods is described. The idea of using STP to im-
prove injection rates and ultimate recovery of 
crude oil originated at Bartlesville, Okla., when 
the Bureau of Mines discovered that STP was 
effective in reversing the tendency of crude oil to 
wet silica surfaces. Subsequent field tests have 
indicated the effectiveness of this chemical to im-
prove injection rates in many waterflood projects. 
OP 395. Johansen, Robert T., F. E. Armstrong, and 
J. Wade Watkins. Shock Induced Transitions. 
Part II. Encapsulation and Results of Exposing 
Petroleum Industry Samples. U.S. Atomic Energy 
Oommission Plowshare Program, PNE-112F (Pt. 
2), 1964, 42 pp.31 Presents a compilation of data 
including descriptions of fluid and solid samples of 
petroleum-reservoir and organic materials exposed 
to the forces of a nuclear explosion in the Gnome 
event. Discusses the method of containment, fabri-
cation of containers, emplacement of containers in 
drill holes, conditions of exposure, retrieval of sam-
ples, and summary of results. Gives the condition 
of recovered samples, examples of failure of con-
tainers, conclusions, and recommendations for fu-
ture sample-exposure programs. 
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OP 396. Johansen, R. T., R J. Heemstra, and H. N. 
Dunning. Oontinuous Electrophoresis of Petroleum 
in Nonaqueous Solvents. Proc. API, V. 42, sec. 8, 
1962, pp. 60-61. Describes the design and construc-
tion of a continuous-flow paper-electrophoresis ap-
paratus that makes possible the separation of pe-
troleum into fractions according to the polarity 
induced on the particles. The instrument is capa-
ble of withstanding attack by the variety of sol-
vents anticipated. 
OP 397. Johansen, R T., R .T. Heemstra, and 
Loy Hembree. Low-Cost Water-Flood Treatment 
With Sodium Tripolyphosphate. Oil & Gas J., v. 
59, No. 26, 1961, pp. 157-158, 160. Laboratory 
stUdies and field tests have shown that the use of 
sodium tripolyphosphate may be the answer to the 
problem of improving injection rates in waterfloods 
resulting from well plugging and corrosion. 
OP 398. Johnson, Charles F. Coupling Small Vi-
bration Gages to Soil. Earthquake Notes, V. 33, 
No.3, September 1962, pp. 40-41. Establishes cri-
teria for mounts for particle-velocity gages that are 
part of the instrumentation for measuring vibra-
tions from quarry blasting. 
OP 399. Johnson, Donald R., and John Ward Smith. 
Glass Filter Paper Suspension of Precipitates for 
Liquid Scintillation Oounting. Anal. Chem., v. 35, 
No. 12, November 1963, p. 1991. Describes a glass 
filter paper suspension of radioactive precipitates 
that provides a simple direct preparation method 
for scintillation counting. Important features are 
the speed of preparation and elimination of sample 
handling steps. 
OP 400. Johnson. Harry R, and Dean W. 
Roley. Waterflooding Possibilities of the Clin-
ton Sand, Logan Oilfield, Hocking County, Ohio. 
Producers Monthly,v. 27, No. 12, December 1963, 
pp. 22-26. Presents an evaluation of the Olinton 
m. Obtainable from the ·Clearinghouse for Federal Scientific 
and Technical Information, National Bureau of Standards, 
U.S. Department o-fCommeree, Springfield, Va. $2. 
sand oil reservoir in Hocking o ounty , Ohio, and 
a predicted waterflood performance. The flood 
performance was based on an assumed five-spot pat-
tern, considering average spacing exi§ting in the 
best developed area. The study indicated that· the 
reservoir should be susceptible to waterflooding: 
OP 401. Johnson, J. Burlin. Feasibility of Model 
Studies in Blasting Research. Rock Mechanics, 
Proc. 5th Symp., 1962, ed. by O. Fairhurst, Per-
gamon Press, New Y'ork, 1963, pp. 263-270. 
Evaluates laboratory-scale blasting as a tool in 
mining research. Plots of scaled crater dimen-
sions versus scaled charge depth have yielded 
curves that are very similar in both shape and 
magnitude for laboratory and field tests. Labora-
tory tests in different materials, including rock, 
have shown that a correlation exists between maxi-
mum crater dimensions and certain physical prop-
erties of the material cratered. 
OP 402. Johnston, K. H. Study Shows Waterflood 
Fracturing Pays Off. Kansas-Oklahoma Oil Re-
porter, v. 4, No.1, April 1961, pp. 28-29. Well-
engineered hydraulic fracturing can be of direct 
and positive benefit to wells under waterflood. 
The practice of hydraulic fracturing was made 
available to industry in 1949 by license agreement 
with Pan American Petroleum 00. However, it 
was 1953 before the practice was accepted by the 
waterflood industry. The article discusses the 
question of when to fracture the wells, the proper 
size of treatment, and general conclusions. 
OP 403. ---.Waterflood Fracturing Pays Off in 
Oklahoma. Producers Monthly, v. 25, No.8, Au-
gust 1961, pp. 2-7. Presents the following con-
clusions: (1) Hydraulic fracturing has resulted 
in increased rates and increased ultimate· recovery 
of oil from many waterflood projects; (2) fractur-
ing has been quite effective in improving the per-
formance of partly plugged wells; (3) most frac-
turing failures have occurred in edge wells that 
were fractured with a "standard" size treatment, 
which usually is used in wells with average sand 
thickness; (4) good results have been obtained in 
fracturing productive formations above or below 
water zones by, using planned well-completion pro-
cedures; (5) correlation of known fracturing tech-
niques with reservoir characteristics, p:roduction 
histories, and well-completion methods is impor-
tant in selecting the optimum fracture treatments 
for a particular productive area or field. 
OP 404. Jones, T. S., 'and H. M. Smith. Relation-
ships of Crude Oil Oomposition and Stratigraphy 
in the Permian Basin of West Texas and New Mex-
ico. Abs. in Bull. Am. Assoc. Petrol. Geologists, v. 
47, No. 12, December 1963, pp. 274-275. 
OP 405. Karn, F. S., J. F. Schultz, and R. B. An-
derson. Kinetics of the Fischer-Tropsch Synthesis 
on Iron Catalysts. Influence of Water Vapor. Proc. 
2d Internat. Oong. on Oatalysis, Paris, France, 
July 1960. Edition Technik, Paris, 1961, v. 2, pp. 
2439-2454. Gives results of a study of the effect 
of added water vapor on the rate of hydrogenation 
of carbon monoxide on a nitrided iron catalyst. 
The production of hydrocarbons decreased more 
rapidly than the partial pressure of synthesis gas 
when water was added; however, carbon monoxide 
was consumed at a constant rate. Methane and 
argon were shown to be diluents, carbon dioxide 
a slight inhibitor, and water a strong inhibitor. 
OP 406. ---. Kinetics of the Fischer-Tropsch 
Synthesis on Iron Oatalysts. Pressure Dependence 
and Selectivity of Nitrided Oatalysts. J. Phys. 
Chem., v. 64, No.4, April 1960, pp. 446-451. Repre-
sents part of the Bureau of Mines investigation of 
processes for converting coal to liquid fuels. Stud-
ies the variations of rate and selectivity of the 
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Fischer-Tropsch synthesis on nitrided fused iron 
catalysts as a function of operating conditions. 
OP 407. Karn, F. S., J. F. Shultz, R. E. Kelly, and 
R. B. Anderson. Fischer-Tropsch Synthesis, Poi-
soning of Iron Oatalysts by HzS in Synthesis Gas. 
I&EC Product Res. and Development, v. 2, No.1, 
March 1963, pp. 43-47. Gives results of tests of 
reduced fused iron oxide and reduced steel turning 
catalysts with synthesis gas containing 6.9, 23, 
and 69 mg sulfur as HzS per cubic centimeter. 
OP 408. ---. Hydrogen Sulfide Poisoning of 
Nitrided and Carbided Iron Oatalysts in the 
Fischer-Tropsch Synthesis. I&EO Product Res. 
and Development, V. 3, No.1, March 1964, pp. 33-38. 
Shows that sulfur poisoning of iron Fischer-Tropsch 
catalysts converted to Hagg carbide by HzS in 1Hz 
+ lCO feed gas was qualitatively similar to the 
poisoning of the corresponding reduced catalyst. 
For catalysts converted to epsilon iron nitride, the 
activity decreased less rapidly with sulfur fed to the 
catalyst than with reduced or carbided catalists. 
OP 409. Karl', Olarence, Jr. Chemical Thermody-
namic' Equilibria and Free Valence Indices as Ap-
plied to a Low-Temperature Bituminous Ooal Py-
rolyzate. J. Phys. Ohem~, V. 64, No.4, April 1960, 
pp. 462-464. Compares the distributions of many 
isomers in a low-temperature bituminous coal 
pyrolyzate, or tar, with the thermodynamic chemi-
cal equilibrium distributions and the "kinetic" 
ilistributions, as obtained from the free valence 
indices, or numbers. Assumes a free radical mech-
anism for isomerization. Concludes that the iso-
meric composition of the tar produced at 500 0 by 
fluidized carbonization may be significantly deter-
mined by coal structure in addition to thermody-
namic and kinetic distributions. 
OP 410. ---. Estimation of Ratio of Isomers in 
Coal Tar from Free Valence Numbers. Fuel, v. 
41, No.3, May 1962, pp. 299-300. Demonstrates 
by comparing calculated values with experimental 
values that the ratio of isomers in coal tars may 
be estimated from free valence numbers. 
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OP 411. ---. The Longest Wavelength Band in 
the Electronic Spectra of Polynuclear Heterocyclic 
Aromatics for Analytical Use. Appl. Spectroscopy, 
v. 14, No.5, December 1960, pp. 146-153. A table 
.is presented listing 204 polynuclear heterocyclic 
aromatics, with 3 or more aromatic rings, according 
to increasing values in millimicrons of the longest 
wavelength absorption band. Structural formulas, 
wavelengths in millimicrons of additional absorp-
tion bands, solvents, and literature references 
through 1958 also are given. This table is supple-
mental to a previous table listing 408 polycyclic aro-
matic hydrocarbons, with 3 or more aromatic rings. 
OP 412. ---. Low-Temperature Tar. Ch. 13 in 
Chemistry of Coal Utilization: Supplementary Vol-
ume, ed. by H. H. Lowry. John Wiley & Sons, 
Inc., New York, N.Y., 1963, pp. 539-579. Gives an 
exposition of modern viewpoints on the composi-
tion, processing, utilization, and economics of low-
temperature tar. 
OP 413. ---. A Note on Determining the Ar-
rangement of Rings in the Polynuclear Aromatic 
Compounds of Coal Tar Pitch Fraction.s. Fuel, No.2, 
V. 39, March 1960, pp. 119-123. Proposes to show 
that the arrangement of the aromatic rings can 
be readily determined from the conventional ring 
index (total rings/carbon atom) and the atomic 
hydrogen to carbon ratio. 
OP 414. Karr, Olarence, Jr., and Edward E. Chil-
ders. An Improved Siwoloboff Micro Boiling Point 
Method. Anal. Chem. v. 33, No.4, April 1961, pp. 
655-656. While characterizing the components of 
low-temperature coal tars, the Bureau of Mines has 
used micro boiling point determinations for small 
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samples. The Bureau has developed a method that 
represents a major improvement of a widely used 
technique first descrilJed by SiwololJoff. 
OP 415. Karl', Clarence, Jr., Edward E. Childers, 
and William O. Warner. Analysis of Aromatic 
Hydrocarbon Samples by Liquid Chromatography 
With Operating Conditions Analogous to Those of 
Gas Chromatography. Anal. Chern., v. 35, No.9, 
August 1963, pp. 1290-1291. Presents some of the 
results of studies demonstrating that under analo-
gous operating conditions aromatic hydrocarlJon 
samples can be analyzed essentially as well by liquid 
chromatography as by gas chromatography. 
OP 416.· Karl', Clarence, Jr., Edward E. Childers, 
William C. Warner, and Patricia A. Estep. Analy-
sis of Aromatic Hydrocarbons From Pitch Oils by 
Liquid Chromatography on Gas Ohromatography 
Analog. Anal. Chern., v. 36, No. 11, October 1964, 
pp. 2105-2108. Demonstrates that liquid chroma-
tography on the gas chromatography analog is all 
effective method of analyzing complex natural mix-
tUres of high-boiling aromatic hydrocarbons, in-
cluding the identification of individual constituents. 
Pitch oil fractions boiling in the range 290 0 to 315 0 
C were analyzed by this method and shown to con-
tain about 70 components. 
OP 417. Karl', Clarence, Jr., and Joseph R. Com-
beriati. Ring Analysis of High Oxygen Content 
Samples; A Modification of the n-d-M Method. 
Anal. Chem., v. 33, No. 10, September 1961, pp. 
1420-1423. A modification of the n-d-M method 
makes it possible to obtain acceptable ring analyses 
of high oxygen content samples. The applicability 
of this modification is demonstrated with various 
samples of known ring content consisting of pure 
oxygen compounds and their mixtures. 
OP 418. Karl', Clarence, Jr., Joseph R. Comberiati, 
and Pa tricia Anne Estep. Ring Analysis and Spec-
tral Characterization of Resins From Pitch of 
Low-Temperature Tar. Fuel, v. 41, No.2, March 
1962, pp. 167-176. Describes the results of exten-
sive r(>search in which the physical properties and 
structure of resins from the pitch of lignite, sub-
bituminous, and bituminous low-temperature coal 
tars were studied by means of ring analysis, infra-
red spectra, and ultraviolet spectra. 
OP 419. ---. Structure Detl"rmination of Res-
ins From Pitch of Low-Temperature Tar by Com-
bined Pyrolysis and Gas-Liquid Chromatography. 
Fuel, v. 42, No.3, May 1963, PP. 211-218. Descrihes 
how the major liquid pyrolysis products of a sub-
bituminous coal tar resin heatE'rl several seconds 
to a maximum tempE'rature of f12Ro C were shown 
by immediate gas-liquid chromatography to be 
2.3.4-trimethylpentane, 2.2.4-trimethylIlentane, and 
benzene. Toluene and the three xylE'nes were also 
preRE'nt, but no higher boiling volatile products 
coulrl be detected. 
OP 420. ---. Thermodynamic and Kinetic Dis-
tributions in Relating the Isomers of Low-Tempera-
ture Tar to Coal Strurture. Fuel, v. 3n, No.6, 
November 1960, pp. 47l)-478. Rhows that tar acirls 
from four low-temperature subbituminous ('oal tars 
contain consistently high proportionR of the para iRO-
mer among the cresols and the ethyJphenoIs. Since 
the th(lrmodynamic equilibrium diRtrilmtions and 
the kinetic distributions at 5000 C prpdict high 
proportions of the meta and ortho isomE'rs. reRpec-
tlvely, a possible relationship may exiRt betwE'en 
coal structure and the composition of low-tempera-
ture tar. 
OP 421. Karl', Clarence, Jr., Joseph R. Comheriati, 
anti William C. Warner. CompariRon of Pitch Res-
ins From Different Sources by Comhined Pyrolysis 
and Gas-Liquid Chromatography. Anal. Chem., v. 
35, No. 10, September 1963, pp. 1441-1444. Presents 
the results of studies demonstrating that pitch res-
ins from various sources can lJe effectively com-
pared by the technique of combined pyrolysis and 
gas-liquid chromatography. 
OP 422. Karr, Clarence, Jr., Patricia A. Estep, and 
Lester L. Hirst, Jr. Oountercurrent DistrilJution 
of High-Boiling Phenols ll'rom a Low-Temperature 
Coal Tar. Aual. Chem., v. 32, No.4, April 1UtiO, 
pp. 463-475. Describes the countercurreut distri-
bution of tar acids. Represents the first complete 
demonstration of the capalJilities of this method of 
fractionation for complex mixtures of high-boiling 
phenols. 
OP 423. Kassner, James L., Virgil lVI. Benson, and 
Ellis E. Creitz. Flame Spectrophotometric Deter-
mination of Lithium in Lithium Minerals. Anal. 
Chem., v. 32, No.9, August 1960, PP. 1151-1153. 
The investigation reported was prompted by the 
need for a method that would be relatively rapid, 
Simple, and easily applicalJle to the wide range of 
lithium concentrations encountered in lithium min-
erals and other materials. A procedure is pro-
posed in which the salllple is decomposed with a 
mixture of nitric, hydrofiuoric, and perchloric 
acids. 
OP 424. Katen, Sidney. Cost Study in Process Re-
search. Cost Eng., v. 4, No.2, April 1959, PP. 
24-26. Presents a description of the various types 
of cost studies that can be prepared for use in 
any researeh organizations and explains the .various 
steps involved in preparing these types of studies. 
OP 425. ---. Process Evaluation in a Research 
Program. Cost Eng., v. 8, No.2, April 1963, pp. 
4-13. Lists the . steps to be taken in a process 
evaluation of a research project or any part of one, 
using examples taken from economic evaluations of 
Bureau research projects. 
OP 426. ---. R&D Aims at Future Gases. Am. 
Gas J., v. 191, No. 11, September 1964, pp. 41-42. 
Summarizes the status of research and develop-
ment, in both Government and private industry, 
on synthetic gaseous fuels. 
OP 427. Katell, Sidney, and John H. Faber. Esti-
mated Costs of Gasifying Coal in Place. Gas Age, 
Sept. 14, ln61, pp: 40-44. Presents a study based 
on electrolinking and hydraulic fracturing experi-
ments. Provides an economic analysis. Develops 
a basic cost formula for any underground gasi-
fication system. 
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OP 428.· ---, New Costs for Hot Carbonflte 
Process. Petrol. Refiner, v. 39, No.3, March 11)60, 
pp. 187-190. Presf'nts the economics of the bot 
carbonate purification process for removing C02. 
ConRiders three variationR of the process in order 
to meet the design specifications wbieh call for a 
fef'd-gaR flow of 10 million standard cubic feE't per 
hour, with CO~ inlet ('oncentrations of 10, 20, and 
30 perrpnt and pxit CO2 values of ri. 2. 1, O.n. and 
0.1 percf:'nt. Inl(>t prf'ssl1re and temperature are 
3nO pRig and 300 F. reRpE'('tivE'ly. 
OP 42n. ---. What Hydrog'f'n from Coal Costs. 
Hydrorarhon Processing & PE'tro1. RE'finer, v. 43, 
No.3. 1I1:nrch ln64, pp. 143-146. Prf'RE'nts the eco-
nomics of several processes for producing hydrogen 
from coal. . 
OP 4~O. Kntell, Sirlney. John H. Faher. ann Marc 
T. Constantine. The Economic Outlook for Pipe-
line GaR From Chnr vift thE' Lurgi Pro('f'Ss. Coal 
Age. v. 64. No.8. Ang'llRt HH,fI. pp. !l2-fln. Evaln-
ateR 11 plant n~Rip:nprl ftnd built to prorln('e no mil-
lion Rtd ('n ft JlE'r dny of Rynthptic pipP1ine gns by 
I,nr!!i gflf':inC'ntion of bitnminons ('hnr: includes 
tablps showing estimatE'd capital requirements and 
esti.mated Imnnal op(ll'ating costs. 
OP 431. Kn tE'll, SianE'Y, and Liang-Tseng Fan. 
How to Estimate Chemical Selling Price. PetroL 
Refiner, v. 39, No.2, February 1960, pp. 153-154. 
Presents an empirical correlation for determining 
the ayyroximate selling price of organic chell1icals. 
Describes assumptions used in making the corre-
lation and correlation's apylications. 
OP. 432. Katell, Sidney, and Thomas J. Joyce. 
What Pulverizing CU8tS. Ooal Age, No.6, June 
1961, pp. 92-93. A Bureau of Mines study develops 
commercial-scale costs of pulverizing coal to 70 to 
90 percent through 200 mesh, u8ing hammer and 
ball mills, for such applications as production of 
synthetic liquid fuel and gas, or pipelining. Oovers 
the reduction problem, the coal-handling system, 
drying air, and economics. 
OP 433. Katell, Sidney, and Paul Wellman. Air 
Comyressor HP,Operating Oosts. Petrol. Refiner, 
v. 40, July 1961, pp. 210-214. Describes a quick 
method for finding the horsepower and costs for 
centrifugal air compressors operating between 
10,000 and 100,000 cfm and 50 to 2,000 psig. 
OP 434. ---. Nomograph Gives Pump Horse-
power. Chem. Eng., v. 67, No. 25, Dec. 12, 1960, 
pp. 176, 178. Presents nomograph for determining 
pump horsepower for both viscous and nonviscous 
liquids. 
OP 435. Kaufman, Alvin. Economic Appraisal of 
Geothermal Power. Min. Eng., v. 16, No.9, Sep-
tember 1964, PP. 62-66. Discusses the economics of 
genel'ating electric power from geothermal steam, 
on the basis of costs for presently operating plants. 
Concludes that geothermal power could be pro-
duced competitively in the Western States. 
OP 436. ---. Economic Aspects of Alaskan 
Mining. Min. Eng., v. 13, No. 12, December 1961, 
pp. 1343-1346. High costs, limited transportation 
facilities, lack of skilled labor, and limited local 
investment capital plague the development of a 
mineral industry in Alaska. These difficulties, the 
article points out, are the usual problems facing 
mineral produrers in undeveloped areas. They are, 
in the case of Alaska, compounded by Climate, .loca-
tion, size, and rugged topogravhy. However, Can-
ada and the Scandinavian countries overcame these 
problems. 
OP 437. ---. Mineral Industry in Retrospect. 
Min. Eng., v. 15, No.2, February 1963, pp. 57-61. 
Reviews the growth of and changes in the mineral 
induRtry since 1946. 
OP 438. Kawenski, Edward M., and Donald W. 
Mitchell. An Evaluation of· Stopping Construction. 
Min. Congo J., v. 49, No.9, September 1963, pp. 
57-61. Gives results of air-leakage tests on a vari-
ety of test stoppings and of ultimate-strength tests 
of stoppings suujeeted to shock pressure. 
OP 439. ---. Rapid ::md Inexpensive Erection 
of Stoppings ·With Rigid Foam. Proc., 52d Coal 
Min. lnst. of Ameriea, 1962, pp. 80-87. Describ~s 
ID(?thoGR of ereeting mine stoppings with rigid foam 
anG diRetu:;ses the problem of air leakage across a 
rigiG foam stopping due to diff(?I'(?nce in pressure. 
OP 440. Kaylor. 0. Fl, G. E. Wa1({en, and Donald 
F. Smith. High T€'rUP(?I'ature Heat Content and 
Entropies of CesiumChloriGe anG Cesinm lodiGe. 
J. Phys. Chem., v. 64. February 1960, pp. 276-277. 
PreRents the resultR of heat content measurements 
from 2n.15°to 1.172° K with calcnll'lted entropies 
for eesiurn chloride anG cesi11m iodide. The heat 
of transition for cesium chloride at 742.5° K is 
rnNlsl1red, anG the hen ts of fURion of cesium chlo-
ride and eesiurn iOGide are measured at their re-
speetive melting points. 
OP 441. Kemlhan. Charles B .. anG David Sehlain. 
Effects of Ultrasonics on Electrolytic Deposition of 
Copper From a Cyanide Bath. Plating, v. 48, 
January 1961, pp. 37-41. The application of ultra-
sonics in the electrolytic deposition of copper from 
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a simple, low-temperature cyanide bath resulted 
in large increases in anode and cathode current 
efficiencies and large decreases in cell voltage. 
The relationship of these effects to current density 
is discussed, and the effectiveness of ultrasonic vi-
brations and mechanical agitation are compared. 
Electrode potential· studies indicated that the de-
crease in cell voltage resulted chiefly from depolari-
zation at the anode. 
OP 442. Kingery, Donald S. The Bureau of Mines 
Program for Safety in Coal Mines. Coal Age, v. 
68, No.5, May H)ij3, pp. 104-107. Reviews iJriefly 
the Bureau's research programs in the fields of roof 
control, ventila.tion, coal float-dust inerting, mine 
fire control, and application of rigid foam to mine 
use. 
OP 443. ---. Fundamental Principles in Face 
Ventilation with Auxiliary Fans. Proc. Coal Min. 
Inst. of America, 1959, pp. 32-41. Discusses advan-
tages of the use of auxiliary fans for face ventila-
tion when continuous-mining machines are used. 
Gives advantages of a combined exhaust and small 
blower system, describes its component parts, and 
gives recommendations for its efficient and safe 
use. 
OP 444. --. Mining Safety. McGraw-Hill 
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Yearbook of Science and Technology. McGraw-Hill 
Book Co., Inc., New York, 1963, pp. 358-359. States 
that the accident pattern between July 1961 and July 
1962 followed the trend of previous years, although 
the number of fatal injuries was reduced by about 
5 percent. Falls of roof, rib, or pillars continued to 
be the leading cause of both fatal and nonfatal 
injuries, accounting for approximately 55 percent. 
In January 1962, a major gas explosion occurred in 
'a bituminous coal mine, causing 11 deaths. Only one 
death was charged to coal-mine fires, but there was an 
increase in hazardous local gas ignitions occurring 
in face areas. 
OP 445. Kingery,. D. S., and D. W. Mitchell. Ob-
servation on .Control of the Coal Dust Explosion 
Hazard in European Mines. Min. Eng., v. 16, No. 
7, July 1964, pp. 157-160. Discusses present Euro-
pean practices for neutralizing the coal-dust explo-
sion hazard. Emphasis is on rock-dust barriers, 
their design,. appli~ation, and location. 
OP 446. Kintz, G. M., and H. F; Browne. What 
Happens When Gas, Vapor, or Dust Burns or Ex-
plodes? Nat. Safety Congo Trans., Mining Indus-
try, v. 18, 1959, pp. 53-55. Describes gas and. dust 
explosions which may occur in a, confined space. 
Although many factors are involved, the most im-
portant is the speed with which the flame propa-
gates through the confined space.· . 
OP 447. Kirkland, C. G., L. W. Brandt, and W. M. 
Deaton. A Method and Apparatus for Concentrnt-
ing Trace Impurities in Analyzing Grade-A He-
linm. Ch. in Advances in Cryogenic Engineering. 
Plenum PreRs, Inc., New York, V. 6, 1961, pp. 339-
400. Describes ari apparatus for determining trace 
impurities in grade A helium that was designed 
and built by the Bureau. Impnrities in the helium 
are concentrated by freezing them out in a coil-
and-trap assembly cooled by liquid helium. Con-
centrated impurities are analyzed by mass spec-
trometer methods. 
OP 448. Klingman, C. L. Continuous Analysis of 
Helium in Natural Gas by Chromatography. Proc. 
6th Annual Symposium on Instrumental Methods 
of Analysis. Montreal, Canada, sponsored by In-
strument Society of America, Paper 0-8, v. 6, 
1960, 7 pp. Describes development, testing,and 
plant use of a gas chromatograph capable of con-
tinuously analyzing for helium in a natural gas 
stream in the range 0.1 percent. The instrument 
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uses conventional principles of gas chromatography 
but contains a few novel solutions to chromatog-
raphy problems. The analyzer uses commercially 
available, three-way solenoid valves as column-
switching valves; contains a 25-inch column of acti-
vated charcoal as a partitioning agent; and uses 
a hot-wire, thermal-conductivity cell as the de-
tector. In plant application, the instrument has 
been successful in reducing the loss of helium in 
outlet gas from helium extraction plants. 
OP 449. Klingman, O. L. Modified Ohromatograph 
to Record Helium Content of Natural Gas Streams. 
Rev. Sci. Instr., v. 32, No.7, July 1961, pip. 822-824. 
Describes the construction and procedure for use of 
a special-purpose chromatograph designed to ana-
lyze small amounts of helium in natural gas 
streams. The successful use of ordinary solenoid 
valves for column switching is unique. Mentions 
automatic-zero circuitry. Shows the instrument to 
be useful in the reduction of wasted helium in the 
outlet gas streams from helium extraction plants. 
OP 450. Kloos, Edwin J. History of Respiratory 
Protection in the Fire Service. Fire Eng., v. 116, 
No.7, July 1963, pp. 534-536. Describes and illus-
trates man's efforts to protect firemen against the 
inhalation of smoke, and irrespirable gases from 
early times to the present. 
OP 451. ---. Know Your Gas Mask. Fire Eng., 
v. 117, No. 7,July 1964, pp. 540-541, 559. Written 
with the fire service in mind, this article explains 
some of the gener.al misconceptions regarding the use 
of the universal-type gas mask. 
OP 452. ---. Storage Life of Self-Rescuer 
Cartridges. Min. Congo J., v. 49, No. 10, October 
1963, pp. 97-99. Based on the tests reported, rec-
ommenda tions are made as to the length of time 
that self-rescuer cartridges should be kept in serv-
ice under two conditions: (1) storage in caches 
and (2) carried on a person or on moving equip-
ment. 
OP 453. Knepper, W. A., P. L. Woolf, and H. R. 
Sanders. Operation of the Bureau of Mines Ex-
perimental Blast Furnace With Fuel-Oil Injection. 
Blast Furnace and Steel Plant, v. 49, No. 12, De-
cember 1961, pp. 1189-1196. Describes oil-injec-
tion system and results of tests in which oil was 
injected into the blast furnace. Oil-to-coke re-
placement rations are calculated. The use of 
changes in slag composition and volume to control 
metal sulfur is also described. 
OP 454. Kuchta, J. M., R. J. Cato, and M. G. Za-
betakis. Comparison of Hot Surface and Hot Gas 
Ignition Temperatures (letter to the editors). 
Combustion and Flame, V. 8, No.4, December 1964, 
pp. 348-349. Compares hot-surface and hot-gas ig-
nition temperatures of hydrocarbon combustibles 
and hydrogen with air at atmospheric pressure. 
OP 455. Kuchta, J. M., Irving Spolan, 'and Mi-
chael G. Zabetakis. Flammability Characteristics 
of Methylacetylene, Propadiene (Allene), and Pro-
pylene Mixtures. J. Chem. and Eng. Data, v. 9, No. 
3, July 1964, pp. 467-472. Gives results of a study 
of the flammability characteristics of potentially 
hazardous mixtures containing methylacetylene, 
propadiene, and hydrocarbon diluent, such as pro-
pylene or propane. 
OP 456. Kurtzrock, R. C. Quick Connector for 
Multipoint Thermocouple Assemblies. Rev. Sci. 
lnstr., v. 31, No.4, April 1960, pp. 457-458. De-
scribes a thermocouple connector developed for 
bench-scale application where frequent assembly 
and dismantling of equipment are necessary. The 
connector, incorporated as an integral part of a 
reactor or vessel, affords ample protection from the 
disturbances that affect a thermocouple's calibra-
tion. 
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OP 457. Kurtzrock, R. C., D. Bienstock, and J. H. 
Field. A Laboratory-Scale Furnace Fired With 
Pulverized Coal. J. Inst. Fuel, v. 36, February 
1963, pp. 55-61. Describes the design and operation 
of a laboratory-scale pulverized-coal-fired furnace 
burning 1 to 4 pounds of coal per hour and capable 
of continuous or intermittent operation under con-
stant and reproducible combustion conditions. 
OP 458. Lacina, J. L., W. D. Good, and J. P. Mc-
Cullough. The Heats of Combustion and Forma-
tion of Thiaadamantane. J. Phys. Chem., V. 65, 
No. 1026, 1961, pp. 1026-1027. The heat of com-
bustion of thiaadamantane, a saturated organic 
sulfur compound with four fused, six-membered 
rings forming a cagelike molecule, was measured 
by rotating-bomb calorimetry. An experimental 
technique was developed for cOnfining samples of 
volatile solids in sealed polyester envelopes for 
precision combustion calorimetry. The heat of 
formation of thiaadamantane in the solid state at 
298.15° K is -:-34.29 kcal. mole-1, referred to graph-
ite, hydrogen gas, and rhombic sulfUr. 
OP 459. Lamb, Frank D. Operation of a Bureau 
of Mines Metallurgy Research Center. J. Metals, 
v. 14, No.3, March 1962, pp. 214-217. Describes 
the operation of the College Park (Md.) Metallurgy 
'Research Center in terms of its direction, capa-
bility, and the various studies it conducts. 
OP 460. Landers, W. S. Binderless Briquetting of 
Indian Lignite. Proc. Internat. Briquetting Assoc., 
Uhiv. of Wyoming Nat. Resources Res. Inst. Inf. 
Circ. 10, December 1959, pp. 30-37. Indian lignite 
containing 56 percent moisture was crushed and 
dried to about 10 percent moisture in a fluidized 
dryer, then briquetted without binder in an extru-
sion press. The briquets were carbonized in a 
gravity-feed vertical shaft carbonizer. The re-
sultant briquets, containing about 11 percent vola-
tile matter, were easily ignited and proved to be 
satisfactory fuel for domestic use, burning with-
out smoke or odor. 
OP 461. ---. Metallurgical, Domestic and In-
dustrial Utilization of Low-Rank Coals. U.S. Pa-
pers Prepared for the United Nations Conference 
on the Application of Science and Technology for 
the Benefit of the Less Developed Areas. NatUral 
Resources: Energy, Water, and River Basin De-
velopment, v. 1, 1963, pp. 108-118. Considers the 
potential uses of low-rank coals, such as are avail-
able in many of the less developed areas of the 
world. The low-rank coals include the lignites, 
brown coals, and sub bituminous coals, all charac-
terized by their high moisture content, low heating 
value, susceptibility to spontaneous combustion 
during storage or shipment, and inability to fuse 
into conventional metallurgical coke. Proper utili-
zation plans should either compensate for undesir-
able properties or take advantage of desirable ones. 
OP 462. Landers, W. S., and D. J. Donaven. Stor-
age Handling and Transportation. Ch. 7 in Chem-
istry of Coal Utilization: Supplementary Volume, 
ed. by H. H. Lowry. John Wiley & Sons, Inc., 
New York, N.Y., 1963, pp. 296-311. Discusses tech-
niques developed for the storage of coal to mini-
mize coal deterioration and spontaneous combus-
tion; problems of handling the discharge of coal 
from bins, chutes, and pipes; and pneumatic and 
hydraulic transportation of coal. 
OP 463. Landsberg, Arne. A Simple Remotely Op-
erated Quartz Spring Recording Balance. J. Sci. 
Instr. v. 41, May 1964, pp. 337-338. Describes the 
construction and operation of a recording balance 
to operate remotely in high gamma radiation fields. 
A remotely operated Selsyn motor, coupled through 
a reduction gear and a sprocket and chain, moves 
the upper end of a weight-sensing quartz spring. 
The position of the lower end of the spring is ac-
curately determined. The control Selsyn movement 
necessary to keep the bottom of the spring in posi-
tion is a measure of the suspended weight. 
OP 464. Langer, S. H., R. A. Friedel,!. Wender, 
and A. G. Sharkey, Jr. Oomplex Mixtures of .Alco-
hols and Water: The Fischer-Tropsch Product. 
Encyclopedia of Spectroscopy, ed. by G. L. Clarke. 
Reinhold Pub. Oorp., New York, 1960, pp. 598-602. 
Describes a new approach for the rapid and accu-
rate determination of alcohols in the presence of 
paraffins, olefins, and other hydrocarbons. Elimi-
nates the lengthly and relatively complex dis-
tillations previously applied to Fischer-Tl'opsch 
products. 
OP 465. Langer, Stanley H., and Peter Pantages. 
A Oonvenient Safety Shield for Small~Scale Ap-
paratus. J. Ohem. Educ., v. 38, December 1961, p. 
634. Describes a portable shield for small-scale 
chemical operations that was constructed from a 
commercially available face mask' adapted to a 
position-locking swivel mechanism attached to a 
rod. 
OP 466. ---. Peak-Shift Technique in Gas-
Liquid Chromatography: Trimethylsilyl Ether De-
rivatives of Alcohols. Nature, vol. 191, No. 4784, 
July 8, 1961, pp. 141-142. Discusses identifications 
and analyses obtained by observing the peak shift 
resulting from the conversion of volatile materials 
to volatile derivatives. Oonsiders a hydrogenated 
Fischer-Tropsch fraction after hydrogenation 
(110°-115° 0, bp) that was obtained from a syn-
thesis using an iron nitride catalyst. 
OP 467. Langer, Stanley H., Oharles Zahn, and 
Gus Pantazoplos. Selective Gas-Liquid Ohromato-
graphic Separation of Aromatic Oompounds With 
Tetrahalophthalate Esters. J. Ohromatography, v. 
3, 1960, pp. 154-167. Shows that tetrahalophthalate 
esters are selective liquid substrates for separating 
aromatic hydrocarbons by gas chromatography. 
OP 468. Latham, D. R., O. R. Ferrin, and J. S. 
Ball. Identification of Fluorenones in Wilmington 
Petroleum by Gas-Liquid Ohromatography and Spec-
trometry. Anal. Ohem., v. 34, No.3, March 1962, 
pp. 311-313. Describes method of isolating a series 
of fluorenones from Wilmington, Oalif., petroleum. 
These three-ring compounds containing oxygen were 
identified through a combination of gas-liquid 
chromatography and spectroscopy. 
OP 469. Lawlor, D. L., J. I. Fester, and W. E. 
Robinson. Pyrite Removal From Oil-Shale Oon-
centrates Using Lithium .Aluminum Hydride. Fuel, 
v. 42, May 1963, pp. 239-244. Describes a tech-
nique developed by the Bureau for removing py-
rite from oil-shale concentrates by treatment with 
lithium aluminum hydride in tetrahydrofuran at 
reflux temperature. The pyrite content of a car-
bonate-free oil-shale concentrate was reduced from 
5.3 to 0.0 percent with only specific alteration of 
the organic material (kerogen) as indicated by ele-
mental and infrared analyses. Ooncentrates ob-
tained by this method will be useful in kerogen 
structural studies. 
OP 470. Leary, R. J., and R. W. Smith, Jr. Ex-
perience With a Small Digital Oomputer in pyro-
metallurgical Research. Oomputers in the Mineral 
Industries. Stanford Univ. Pub. Geo!. Sciences, 
v. 9, No.1, 1964, pp. 212-226. Describes the Bu-
reau of Mines electronic digital computer and gives 
examples of problems that can be solved by the 
computer. 
OP 471. Leary, R. J., R. W. Smith, Jr., and B. J. 
Mitchel. Application of a Small Electronic Digital 
Oomputer to Pyrometallurgical Research. Oom-
puters in the Mineral Industries. Stanford Univ. 
Pub., Geo!. Sciences, v. 9, No.1, 1964, pp. 281-805. 
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Describes the Bureau of Mines electronic digital 
computer and gives examples of problems that can 
be solved using the computer. 
OP 472. Lewis, Paul S., and Raymond W. Hite-
shue. Hydrogenating Ooal in the Entrained State. 
Ind. and Eng. Ohem., v. 52, November 1960, pp. 
919-920. Laboratory apparatus was developed to 
produce hydrocarbon liquids and gases by hydroge-
nating coal in the entrained state at 8000 C; the 
feeder can be used for any reaction requiring sol~ds 
feeding at pressures to 6,000 psi. 
OP 473. Lindley, J. R. The Oase for Technical 
Illustration. Graphic Sci., v. 3, No.2, February 
1961, pp. 20-21. Attempts to promote an increased 
interest iil technical illustrations and indicates the 
importance of teamwork between the author and 
the draftsman-illustrator. Presents four illustra-
tions; these range from a cartoon approach, show-
ing a statistical trend, to a detailed exploded as-
sembly of a complicated piece of research equip-
ment. Indicates the purpose of each illustration. 
OP 474. Litchfield, E. L. Ohronology and Topog-
raphy of Sparks at Minimum Energy for Ignition. 
Oombustion and Flame, vol. 5, No.3, September 
1961, pp. 235-241. Microsecond exposure schlieren 
observations of ignition kernels and developing 
flames are reported for a·· set of minimum energy 
conditions holding for electrostatic spark ignition 
of 8.5 percent methane-air mixtures of 0.1 atmos-
phere initial pressure. Time of appearance of a 
flame and the extent of influence of the shock 
wave generated by the electric discharge were de-
termined experimentally. This investigation indi-
cates that the time of appearance of the flame 
varies inversely with initial pressure and also 
indicates that only a small portion of the original 
stored energy is caused to be dissipated outside 
the ignition kernel as a consequence of the shock-
wave. 
OP 475. ---. Freely Expanding Gaseous Detona-
tion Waves Initiated by Electrical Discharges. 
Physics of Fluids, v. 5, No.1, January 1962, pp. 
114-115. Discusses the initiation of freely ex-
panding detonation waves in several gaseous mix-
tures that had not previously been reported to be 
amenable to this type of initiation. Work was 
sponsored in part by Project Squid, which is sup-
ported by the Office of Naval Research, U.S. Depart-
ment of the Navy. 
OP 476. ---. Technique for Microsecond Syn-
chronization of Small, Known Energy Sparks. 
Rev. Sci. Instr., v. 31, No.5, May 1960, pp. 572-573. 
Shows that the factors controlling the application 
of this synchronization method are the difficulty 
of forming the spark and the effects of series 
resistance. 
OP 477. Litchfield, E. L., M. H. Hay, and D. R. 
Forshey. Direct Electrical Initiation of Freely 
Expanding Gaseous Detonation Waves. Proe. 9th 
Internat. Symp. on Oombustion, Academic Press, 
Inc., New York, 1963, pp. 282-286. Discusses the 
initiation of freely expanding detonation waves in 
mixtures of oxygen with the individual fuels 
ethylene, hydrogen, and propane. Both spark dis-
charges and exploding wire discharges are dis-
cussed as initiation sources. Work was sponsored 
in part by Project Squid, which is snpportedby· 
the Office of Naval Research, U.S. Department of the 
Navy. 
OP 478. Litchfield, E. L., and J. S. Monroe. Igni-
tion of Gaseous Mixtures With Repetitious Sparks 
(letter to the editor). Oombustion and Flame, 
v. 7, No.4, December 1963, pp. 393-394. It was 
established experimentally that a flammable (8.5-
percent) methane-air mixture can be ignited by a 
series of repetitive sparks localized in space, each 
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spark carrying less energy than would be required 
for ignition by a single spark, provided that the 
repetition rate of the spark is of the order of the 
reciprocal of the thermal relation time. 'l'his con-
firms the fact that ignition by electric discharge is 
essentially a thermal process. The possibility of 
repetitive sparking must be taken into account in 
assessing spark ignition hazards of a procedure 
involving fiammable gases or vapors. 
OP 479. Long, Albert E. Bureau of Mines Investi-
gates Factors Affecting the Stability and Safety 
of Open-Pit Mine Slopes. Trans. 52d Nat. Safety 
Cong., Mining, v. 16, 1964, pp. 36-42. Discusses the 
mechanical, physical, and environmental factors 
that affect the stability of rock slopes in open-pit 
mines. Slope design criteria developed or being de-
veloped through current research will permit engi-
neers to excavate pit slopes to the steepest possible 
angle as well as to create a safer working envir-on-
mente 
OP 480. --. Open Pit Slope Stability Re-
search by the Bureau of Mines. Min. Congo J., v. 
49, No.6, June 1963, pp. 68-71. Describes the 
Bureau's slope stability research program: Its 
objectives and accomplishments to date. 
OP 481. ---. Problems in DeSigning Stable 
Open-Pit Mine Slopes. Canadian Inst. Min. and 
Met. Bull., v. 57, No. 627, July 1964, pp. 741-746. 
Discusses the general significance and possible ef-
fects of the attitude of rock joints and faults, 
groundwvter, overblasting, and the geometry and 
character of stresses created by previous mining, 
gra vity, or tectonic forces on the steepness and 
stability of open-pit mine slopes. 
OP 482. Loomis, A. G., and D. C. Crowell. Relative 
Permeability Studies: III. Comparisons of Gas-
Drive and Stationary-Phase Methods. Producers 
Monthly, v. 24, No. 14, December 1960, pp. 22-26. 
Describes the application of the unsteady-state dis-
placement method to core samples to measure the 
relative-permeability ratio as a function of satura-
tion in gas-oil systems. Discusses the apparatus 
and experimental method used to obtain the pro-
duction curve. 
OP 483. Lorenz, Philip B. Electroosmosis. En-
cyclopedia of Electrochemistry, ed. by C. A. Ham-
pel. Reinhold Publishing Corp., New York, 1964, 
pp. 536-540. Reviews modern knowledge of electro-
osmosis under the headings: theory, observed char-
arteristics of electroosmotic permeability, quasi-
electroosmotic phenomena, experimental methods, 
and applications. 
OP 4R4. The Onsager Coeffi"ient L12 in 
Transport of Binary Electrolytes. J. Phys. Chem., 
v. 65, No.4, April 1961, p. 704. Indicates that the 
sJope for a given electrolyte computed from the 
Df'hYf'-Onsager theory dep("nds somewhat on the 
speC'ific prop("rties, but is almost constant for vari-
ous electrolytes. 
OP' 4R5. ---. Tortuosity in Porous Media. Na-
ture, v. lRn, No. 4762, Feb. 4, 1961, pp. 386-387. 
Int("rprE:'tI:~ the tortnosity of porous media and indi-
cfltes their relationship to porosity and the forma-
tion factor. Presents the interpretations of tor-
tuosity that have been presE'ntf'd by other authors. 
. OP 4R6. Lor("nz, Philip B., R. J. Bolen, and H. N. 
Dunning. Ultracentrifugation and Viscosities of 
Cruoe Oils. J. Colloid ScL, v. 16,' No.5, Octo-
b("r H)61, pp. 493-496. Viscosities measured at three 
temperatures on ultracentrifuge fractions of several 
crude oils are compared with asphaltene content. 
The same comparison is made for solution of as-
phaltenes in k("rosine, gas, oil, benzene, and deca-
line. The results indicate that asphaltene parti-
cles are solvated strongly in crude oil and only 
weakly in solvents. Dilution of crude oil desolvates 
asphaltenes. 
OP 487. Lytle, Farrell W., and Howard H. Heady. 
X-Ray Emission Spectrographic Analysis of High-
Purity Rare Earth Oxides. Anal. Chern., v. 31, No. 
5, May 1959, pp. 809-811. Describes detection of 
impurities in rare-earth oxides by a fluorescent 
X-ray procedure. The determination of spectral 
line intensity above background, sample and stand-
ard preparation,. choice of analytical lines, and 
utilization of a helium path to increase X-ray in-
tensities are described. 
OP 488. Machisak, John C. The National Safety 
Competition of 1957. Explosives Eng., v. 36, No.4, 
July-August 1958, pp. 103-113. Gives results of 
1957 competition in which record lows were 
achieved in injury-frequency rate and in number 
of operations recording any disabling work injuries 
throughout the year. 
OP 489. ---. The National Safety Competition 
of 1958. Explosives Eng., v. 37, No.3, May-June 
1959, pp. 71-78. Gives results of the National 
Safety Competition in which a record 675 partici-
pants engaged. Injury and severity rates were 
again low. 
OP 490. ---. The National Safety Competion 
of 1959. Explosives Eng., v. 38, No.3, May-June 
1960, pp. 71-78. Mine and quarry entrants again 
establish a new record-low frequency rate of 18.293 
disabling work injuries per million man-hours of 
exposure to the hazard of mineral extraction. The 
severity rate is third lowest of contest history. 
OP 491. ---. The National Safety Competition 
of 1960. Explosives Eng., v. 39, No.4, July-August 
1961, pp. 103-113. Gives results of competition 
in which 675 mines and quarries participated. 
New record number, 294 participants, operated 
throughout the contest year without a disabling 
work injury. Disabling work injury frequency was 
18.828 per million man-hours, third lowest since the 
start of the competition in 1925. 
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OP 492. ---. Where Are We Going? Trans. 
Nat. Safety Cong., Cement, Quarry, and Mineral 
Aggregates, v. 4, 1959, pp. 4-11. Presents 1942-58 
data on injury-frequency rates and 1953-58 data 
on the percentage distribution of four major causes 
of injury. All figures are broken. down according 
to the subindustry. 
OP 493. Machisak, John C., and Roy G. Stott. In-
jury Trends and Causes in Non-Coal Mines. Trans. 
Nat. Safety Cong., v. 18, 1959, pp. 22-28. Discusses 
disabling injury experience in noncoalmines in the 
United States through 1957. 
OP 494. Mahan, Warren M., P.L. Woolf, and Nor-
wood B. Melcher. Evaluation of Sinter and Pel-
lets in an Experimental Blast Furnace. J ournees 
Internationales de Siderufgie, Luxembourg, 1963, 
pp. 235-236. Describes the relative ndvantages of 
various kinds of pellets and sinters that have been 
tested in the Bureau's experimental furnace. Ex-
periments indicate that pelletized iron ore CDn-
centrate is a more effiCient blaRt-furnace feed than 
the same concentrate in sintered form. 
OP 495. Maize, E. R. Progress in Roof Bonding 
Experiments. Proc. 55th Me("ting Rocky Moun-
tain Coal Mining 1nst., June 29-July 1, 19(39, pp . 
47-49. Describes procedure and m("thod of syste-
matically injecting a bonding fluid (("poxy or poly-
ester resin) into bituminous coal-mine roof as a 
means of adding to its strength and thus. redUCing 
the hazara of roof falls. 
OP 496. Marchant, L. C., and J. R. Hllmlm. Ni-
trogen in Clear Creek and Charlson FiE'lels, North 
Dakota 3d Internat. Williston Basin Symp., S("P-
tember 1964. pp. 185-191. Gives data on the vol-
umes of nitrogen gas available in the Minnelusa 
Formation in the Clear Creek and Charlson oil-
fields and concludes they warrant consideration 
for production operations. 
OP 41:)7. Marchant, J. D., E. S. Shedd, and T.A. 
Henrie. Solid-State Electrorefining of Rare-Earth 
Metals. Ch. in Rare Earth Re8earch, ed. by J. F. 
Nachman and C. E. Lundin, Gordon and Breach, 
NevY York, 1962, pp. 143-150. Describes successful 
refining of cerium metal with respect to iron, 
carbon, and copper by passing direct current 
through a bar at a temperature of 600° C. Iron, 
carLoll, and silicon migrate toward the anode. 
Molybdenum, magnesium, and calcium were rela-
ti vely unaffected by the treatment. The concen-
tration of impurity iron at the anode was 100 
times that at the cathode. A radio tracer tech-
nique was used to follow the iron migration. 
OP 498. Markby, Raymond E., Heinz W. Stern-
berg, and Irving Wender. Extensive Reduction 'of 
Coal by a New Electrochemical Method. Nature, 
v. 199, Sept. 7, 1963, pp. 997-998. Electro-
chemical reduction of a Pocahontas vitrain re-
sulted in addition of 44 hydrogens pel' 100 carbon 
atoms. The advantages of using lithium chloride 
in ethylenediamene as an electrolyte is probably 
due to the fact that lithium can act as an electron 
transfer agent from electrode to coal. 
OP '499. lViartindill, C. H., F. W. Lang, and M. G. 
Zabetakis. ]'lammability Characteristics of the 
Vapor System Hydrogen Peroxide-XYlene-Formic 
Acid-"Water. J. Chem. and Eng. Data, v. 5, No.3, 
July 1960, pp. 355-358. Describes a study under-
taken to determine the limits of flammability of 
organic vapors in hydrogen peroxide-water vapor 
mixtures. a-Xylene and formic acid, representa-
tive to two widely varying classes of possible or-
ganic substances, were used .. 
OP 500. Maurer, R. B. Report of the U.S. Bu-, 
reau of Mines on Cooperative Mineral Resources 
and Research Studies in California (Fiscal Year 
1960) . 57th Rept. of the State Mineralogist-1961, 
pp. 58-61. Describes the cooperative program of 
the Federal Bureau of Mines and the California 
Division of Mines. Gives data on the State's min-
ing industry, including tungsten and molybdenum 
'research, studies on anorthosite utilization, and 
work on slope stability in open pits. 
OP 501. Maust, E. E., Jr., and W. E. Warnke. A 
Graphite Resistor Source for Image Furnace Re-
search. Applied Optics, v. 2, No.7, July'1963, pp. 
758-759. Describes the design and operation of an 
electrical resistance element of graphite used as a 
high-temperature source in a double-paraboloidal 
mirror-image furnace. The graphite resistor source 
has been operated continuously for periods exceed-
ing 4 hours at temperatures above 2,000° C with 
no visible signs of oxidation. 
OP 502. McCann, Charles R., and Arthur A. Orn-
ing. A Study of Pulverized Coal Flames. Abs. in 
Mech. Eng., v. 84, No.5, May 1962, p. 88. Sum-
marizes study of conditions necessary to produce 
fiames of pulverized coal when recirculation of hot 
combustion gases into the ignition zone was mini-
mized. 
OP 503. McCartney, J. T., and Sabri Ergun. Re-
fractive Index and Thickness of Ultrathin Sections 
of Coals and Graphite by Interferometry. .T. Opt. 
Soc. America, v. 52, No.2, 1962, pp. 197-200. 
Describes method of directly measuring the re-
fractive index of small coal components and simul': 
taneously determining the thickness of these ul-
trathin sections. Data obtained agreed well with 
those previously derived from refiectance meas-
urements. 
OP 504. McCartney, J. T., Sabri Ergun, and R. E. 
Walline. Electron Microscopic Observations of 
143 
.Articles Published 
Structure in Ultrathin Sections of Vitrinite in 
Coal. Nature, v. 191, Sept. 30, 1961, pp. 13til-1363. 
Recently ultrathin sections of soft coals have been 
cut, using a microtollle and a diamond knife. Suc-
cess in preparing such sections has opened up a 
very prolllising field of study involving ultrafine 
structures in' coals such as preserved plant cell 
components, pores, and possibly structural units 
or crystallites. 
OP 505. McCullough, J. P. Review of "Estimation 
of Thermodynamic Properties of Organic Com-
pounds," by G. J. Janz. J. Colloid Sci. v. 15, );0. 1. 
1960, p. 86. 
OP 506. ---. Thermochemistry and Thermody-
namic Properties of Substances. Anll. Rev. Pliys. 
Ohern., v. 11, 1960. Reviews recent publications Oll 
thermochemistry and chemical thermodynamics that 
were available to the reviewer in the original or as 
abstracts before December 1, 1959.' 
OP 507. ---. Thermodynamic Research Under 
Projects 48 and 52. Proc. API, v. 42, sec. 8, 1962, 
p. 118. Discusses the objectives of the API ther-
modynamicswork and the approach to the solution 
of the problems. Gives the status of the work on 
sulfUr and nitrogen compounds completed, in prog-
ress, or planned. 
OP 508. ---. Transition Types in Hydrocar-
bons and Related Substances. PUre and Appl. 
Chem., v. 2, 1961, pp. 221-230. Presents a brief 
outline of a systematic classification of the types 
of transitions that occur in hydrocarbons and re-
lated SUbstances. Indicates that seven types of 
transformations in solid phases could be distin-
guished phenomenologically. Results for 95 com-
pounds are listed in a table. 
OP 509. McCullough, J. P., H. L. Finke, W. N. 
Hubbard, S. S. Todd, J. 'F. Messerly, D. R. Douslin, 
and Guy Waddington. Thermodynamic Properties 
of Four Linear Thiaalkanes. J. Phys. Chem., v. 
65, May 1961, pp. 784-791. Values of heat capacity, 
heat of fusion, entropy, and related thermodynamic 
properties of 2- and 3-thiahexane, 4-thiaheptane, 
and5-thianonane were determined by'low-tempera-
ture calorimetric measurements, 11°-370° K; heats 
of combustion were determined by rotating-bolllb 
calorimetry. The vapor pressure of 2-thiahexane 
was measured, 73°-163°. Results were used in 
calculating values' of entropy, heat of formation, 
free energy of formation, and equilibrium constant 
of formation in the standard liquid and gas states 
at 298.15° K. For addition of a methylene group 
to a normal propyl or larger normal alkyl group 
in linear thiaalkanes, the increments to the ther-
modynamic properties were found the same as 
those in normal alkanes above n-heptane. 
OP 510. McCullough, J. P., and W. D. Good. 
Correlation of Heat of Formation Data for Or-
ganic SulfUr Oompounds. J. Phys. Chem., v. 65, 
Aug-ust 1961, pp. 1430-1432. The method of Allen 
was used to correlate unpublished and recently 
published Bureau of Mines data for the heats of 
formation of organic sulfur compounds. Six pa-
rameters were evaluated from data for 25 arvclic 
alkane thiols, sulfides, and disnlfides. By inclllfling 
appropriate strain energies, the resnlts for seven 
cyclic sulfur compounds also were correlated. For 
all 32 compounds, the average deviation hetween 
calculated and experimental values, 0.17 kral. 
mole-\ was less than the average experimf'ntal un-
certainty, 0.22 kcal. moleJ The correlation pre-
dicts reliable values of heat of formation for many 
other organic sulfur compounds. 
OP 511. McCullough, J. P., J. F. Messerly, R. T. 
Moore, and S. S. Todd. Trimethylaluminurn: Thf'l'-
modynamic Functions in the Solid and Liquid 
States, 0-380° K.; Vapor Pressure, Heat of Va-
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porization, and Entropy in the Ideal Gas State. 
J. Phys. Chem., v. 67, No.2, February 1963, pp. 
677-679. Describes thermodynam~c investigations 
of trimethylaluminum which were made by the 
Bureau on selected organic derivatives of elements 
in the second and third periods. From experi-
mental measurements by low-temperature calori-
metry and comparative ebulliometry, the following 
properties were determined: thermodynamic func-
tions in the solid and liquid states (10° to 380° 
lC) ; vapor pressure (336° to 400 0 l() ; heat of va-
porization (298.15° K); and entropy in the ideal 
gas state (298.15° l(). 
OP 512. McCullough, J. P., D. W. Scott, and Guy 
Waddington. Thermodynamics of Organic Sulfur 
Oompounds. Ch. in Organic Sulfur Compounds, ed. 
by N. Kharasch. Pergamon Press, New York, 1961. 
pp. 20-30. Thermochemical and thermodynamic 
stUdies of organic sulfur compounds are surveyed. 
A complete listing of thermodynamic data available 
for 90 sulfur compounds is given with literature 
references. Contributions of systematic investiga-
tions that began in 1948 are emphasized. These 
investigations proved that values of thermodynamic 
properties are correlated with molecular weight and 
structure in two ways: (a) General equations are 
given for computing thermodynamic properties of 
any linear 1-alkanethiol, alkane sulfide, or symmet-
rical alkane disulfide; (b) thermodynamic proper-
ties of 30 representative organic sulfur compounds 
are compared with those of the corresponding hy-
drocarbons. 
OP 513. McDonald, F. R., and G. L. Cook. Use of 
Low Molecular Weight Polyethylene in Ultraviolet 
Spectroscopy. Appl. Spectroscopy, v. 15, No.4, 
1961, PP. 110-112. The ultraviolet spectra of high 
molecular weight materials were obtained by dis-
persing them in polyethylene, which had a negligible 
contribution to the spectrum between 2,200 and 
4,000 A. The spectra of reference compounds as 
well as asphaltenes and polymers are given. The 
sample is stirred into melted polyethylene, and a 
portion of the dispersion is pressed between sheets 
of metal foil in a heated laboratory press to form 
a film. A circular plate cut from the film and 
mounted between two metal rings is inserted into 
the spectrophotometer to obtain a spectrum. 
OP 514. McGann, Paul W. The Long~Term Out-
look for Petroleum. Commodity Yearbook, 1960. 
Commodity Research Bureau, Inc., New York, pp. 
33-38. Projects total energy consumption by fuel 
and by use through 1980 in United States; . discusses 
supply .of crude petroleum during that period. 
OP 515. McGee, J. P., N. H. Coates, and G. E. 
Fasching. Development of a Simulated High-Tem-
perature Nuclear Loop. Franklin Inst. Monograph, 
No.7, May 1960, pp. 236-251. To aid in the feasi-
bility study of nuclear gasification, an induction-
heated experimental loop has been constructed and 
operated to evaluate component performance and 
indicate areas in which additional development 
effort is needed. The loop has been operated at 
temperatures up to 2,500° F, using heliUm as the 
heat-transfer medium. Sustained operation has 
been accomplished between 2,100° and 2,300° F. 
OP 516. McGee, J. P., and Richard C. Corey. 
Bureau of Mines Coal-Fired Gas Turbine Research 
Project. Combustion, v. 31, No. 10, April 1960, pp. 
67-72. Declares· that the development of a coal-
fired open-cycle gas turbine capable of operating 
25,000 to 50,000 hours without excessive forced out-
ages for reblading or other expensive repairs will 
depend largely on well-conceived and coordinated 
basic and applied research directed toward mini-
mizing the erosive and corrosive effects of the 
mineral matter in coal. The principal research 
efforts must determine the optimum geometry of the 
blades and gas passages, the best design of the 
combustor and burners to achieve maximum com-
bustion efficiency and optimum flame temperature, 
and permissible concentration and size of the par-
ticulate matter in the gases entering the turbine. 
OP 517. McGee, J. P., L. L. Hirst, and T. Reed 
Scallon. Coal-Fired Gas Turbine Research. Eng. 
and Boiler House Rev., v. 78, No.1, January 1963, 
pp. 18-20. Reviews the current work on the Bu-
reau's coal-fired gas turbine, including development 
of turbine blades that are more resistant to ash 
erosion, improved equipment for preparing and feed-
ing coal to the turbine, more efficient coal com-
bustion, and better ash separation. 
OP 518. McGee, James P., and Sidney l(atell. Nu-
clear Energy for Gasification of Coal. Proc. Am. Gas 
Assoc. Operating Sec., 1959, pp. P-209 to P-212. De-
scribes a cQnceptual design of a system to utilize 
nuclear heat for coal gaSification and an apparatus 
which has been built to simUlate the operation of a 
high-temperature nuclear system. 
OP 519. Melcher, Norwood B. Bureau of Mines 
Uses Natural Gas in an Experimental Blast Fur-
nace. Proc. Blast Jrurnace, Coke Oven and Raw 
Materials Comm., AIME, 1959, v. 18, pp. 69-74. De-
scribes initial investigations on the use of natUral 
gas as a fuel in the iron blast furnace. Gas was 
injected into the smelting zone through auxiliary 
tuyeres. Achieved a record low coke rate and an 
increase of pig iron production with no increase in 
wind rate. Auxiliary tuyeres are of simple con-
struction, could be readily installed in large fur-
naces, and are also adaptable to the introduction of 
solid materials. 
OP 520. ---. Iron, Steel, and Ferroalloys In-
vestigated at Bruceton. J. Metals, v. 12, No.5, May 
1960, pp. 406-409. Describes the Bureau of Mines 
Bruceton (Pa.) Pyrometallurgical Laboratory. This 
report indicates many important advances in· iron 
and steel technology attained at the installation. 
OP 521. ---. Smelting Prereduced Pellets in an 
Experimental Blast Furnace. Proc. Minnesota Sec., 
AIME, July 1963, pp. 45-51. Gives results of smelt-
ing tests of prereduced iron ore pellets that estab-
lished that substantial decreases in coke rates and 
correspondingly higher production rates result from 
the use of prereduced pellets as compared with con-
ventional unreduced pellets. 
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OP 522. ---. Use of Electric FUrnaCBs in Fer-
roalloy Research. J. Electrochem. Soc., v. 103, No. 
12, December 1956, pp. 691-695. Presents a brief 
review of the Bureau's electric-furnace equipment 
and typical examples of completed research proj-
ects. Processes are tried first in electric furnaceR 
because other types of melting or smelting furnaces 
must be much larger and more expensive to operate 
and usually cannot be ope:rated for short periods. 
OP 523. ---. Use of Lignite in Direct Iron Re-
duction. Proc. 14th Dominion~Provincial Conf. on 
Coal, Winnipeg, Manitoba, 1963, pp. 41-61. De-
scribes a process for simultaneous hardening and 
reduction of iron-ore concentrates. Moist pelletized 
concentrate is heated in the presence of a solid 
reductant at 1,200° C for one-half hour or more. 
The resulting hardened pellets wlil contain ap-
proximately 80 percent total iron and 60 percent 
metallic iron. 
OP 524. Melcher, Norwood B., and D. W. Frommer. 
Flotation of Iron Ores. Min. Congo J., V. 49, No. 12, 
December 1963, pp. 29-33. Reviews principal iron 
flotation methods, present commercial practices, and 
outlook for futUre applications. Research by the 
Bureau on nonmagnetic taconites using anionic 
method for silica flotation is discussed in general 
terms. 
OP 525. Melcher, Norwood B., Warren M. Mahan, 
and Philip L. Woolf. Principles of Blast-Furnace 
Fuel Injection. Proc. British Iron and Steel Inst., 
Ann. Meeting, London, England, Nov. 29-30, 1961, 
pp. 47-52. Discusses principles of injection of nat-
ural gas, fuel oil, moisture, oxygen, and solid fuel 
in the tuyeres of an experimental blast fUrnace. 
Thermal behaviors are related to blast temperature, 
coke rate, and productivity. 
OP 526. Melcher, Norwood B., and Miles B. Royer. 
Smelting Unfired Iron Ore Pellets in an Experi-
mental Blast FUrnace. Blast FUrnace and Steel 
Plant, v. 48, No. 12, December 1960, pp. 1265-1270. 
Describes preliminary experiments on the practica-
bility of adding raw pellets of taconite concentrate 
to blast fUrnace feeds. Reveals that raw pellets 
can be successfully smelted in an experimental fur-
nace with no significant change in coke consump-
tion and only a moderate increase in dust losses. 
OP 527. Mentser, Morris. Disc. of "Effect of 0001-
ing Rate From Ms Temperature to Room Tempera-
ture on Magnetic Properties of 3.5 Percent Ohro-
mium Magnet Steel," by W. L. Hodapp and E. A. 
Loria. Trans. Am. Soc. Metals, v. 52, 1960, pp. 
415-416. 
OP 528. Mentser, Morris, and Sabri Ergun. A 001'-
relation Between Helium Density and Hydrogen 
Oontent of Ooals (letter to editor). Fuel, v. 39, No. 
6, November 1960, pp. 509-510. 
OP 529. Mentser, Morris, H. J. O'Donneil, and 
Sabri Ergun. Development of Three-Dimensional 
Orystallinity in Natural Graphitic Materials. Proc. 
5th Oarbon Oonf. Pergamon Press, New York, N.Y., 
v. 2, 1963, pp. 493-497. Shows that high-rank 
anthracites and meta-anthracites give rise to three-
dimensional (hkl) reflections of graphite, indicating 
that coals graphitize with metamorphism. 
OP 530. ---. X-Ray Scattering Intensities of 
Anthracite and Meta-Anthracite. Fuel, v. 41, March 
1962, pp. 153-161. Gives X-ray diffraction data on 
six anthracites and four meta-anthracites. 
OP 531. Merrill, Oharles W. A Government View-
point on Basic Mining Research. Min. Oong. J., V. 
48, No. ·12, December 1962, pp. 56-57, 63. Discusses 
the need for and benefit from basic research in 
mmmg. The Bureau's mining research is divided 
into two major areas: (1) Basic research is con-
cerned with fundamental aspects of material and 
energy mechanisms in mining and the dynamic 
relationship between the two during the act of min-
ing, and (2) applied research seeks to solve existing 
mining problems and improve present practices. 
OP 532. ---. The Metal, Mineral and Mineral 
Fuel Review for 1959. State Geol. J., V. 12, No.1, 
April 1960, p. 89. The economic upturn in the 
United States in 1959 was accompanied by gains in 
many segments of the mineral industry. The value 
of United States mineral production rose 2 percent 
to $17.1 billion. compared with $16.5 billion in 1958 
and a record $18.1 billion in 1957. Nonmetal con-
struction materials, crude petroleum, and natural 
gas contributed most of the increase in total value 
of minerals. The decline in value of metals output 
was due largely to strikes in the copper and iron 
ore industries. 
OP 533. Mineral Obsolescence and Snbsti-
tution. Min. Eng., V. 16, No.9, September 1964. pp. 
55-59. Discusses mineral commodities that have 
become obsolescent for particular uses, although 
general obsolescence among mineral commodities is 
rare because of the increasing reliance of the 
economy on minerals for energy and the raw ma-
terials of industry. Usually, however, the substi-
tute for an obsolescent mineral commodity is an-
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other mineral. Presents causes and results of 
obsolescence and illustrates them by a number of 
examples of substitution in the past or now un-
derway. 
OP 534. Merrill, Oharles W. The Mineral Research 
Program of the Bureau of Mines. J. Metals, V. 13, 
No. 11, pp. 809-811. Describes the Bureau's method 
of pl:anning, budgeting, ,and .directing metallurgical 
and mining research. 
OP 535. ---. New Materials for National 
Strength. Min. Oong. J., V. 49, No. 9, Sept~mber 
1963, pp. 50-55. Discusses both new materials and 
ways in which old materials find new uses through 
scientific research, either by synthesis or by im-
proved processing methods. 
OP 536. ---. Programming U.S. Bureau of 
Mines Multimillion-Dollar Minerals Research. Min. 
Eng., V. 13, No. 11, November 1961, pp. 1226-1227. 
Describes the methods by which the Bureau re-
search is programed, both to help assure an ade-
quate and continuing supply of minerals for the 
people of the United States and to promote the 
health and safety of workers in mineral industries 
in this country. . 
OP . 537. ---. The Role of Mineral Statistics in 
National Development. Document of United Na-
tions Economic Oommission for Asia and the Far 
East. I&NR/Sub. 3/61, 1960. Minerals are funda-
mental to all national economies, and their meas-
urement through mineral statistics is essential to 
effective private and Government planning. Min-
eral statistics are complex and thier collection and 
interpretation requires that the work be conducted 
by experts in the earth sciences. Bureau of Mines 
procedures and statistical publications are presented 
as patterns for national mineral statistical agencies. 
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OP 538. ---. The Shifting Pattern of Mineral 
Demand. Min. Eng., V. 16, No.2, February 1964, 
pp. 60-64. Discusses mineral demand in the past 
as compared with that expected in future years. 
Data on. copper, aluminum, iron ore, sand and 
gravel, uranium, beryllium, and diamond are used 
as specific examples. 
OP 539. ---. Strategic Minerals. Min. Oong. J., 
v. 48, No.2, February 1962, pp. 99-102. Summar-
izes the 1961 demand-supply situation for selected 
strategiC minerals. 
OP 540. ---. United States Mining Industry 
- 1956. Oanadian Min .. J., V. 78, No.2, Feb. 1957, 
pp. 173-175. Discusses 1956 production of selected 
metals, nonmetals for construction, other nonme-
tals, and mineral fuels, including some information 
on mineral imports. 
OP 541. Merrill, Charles W., and James W. Pen· 
nington. The Magnitude and Significance of Flota-
tion in the Mineral Industries of the United States. 
Oh. 4 in Froth Flotation: 50th Anniversary volume, 
AIME. New York, N.Y., 1962, pp. 55-90. Reviews 
the effect of froth flotation on the mineral industry 
of the United States; in 1960, 198 million tons of 
material was treated to recover 20 million tons of 
concentrates containing approximately $1 billion in 
recoverable products. Gives data on materials re-
covered and types of flotation reagents used. 
OP 542. Merrill, Oharles W., and Staff, Bureau of 
Mines. Metal, Mineral and Mineral Fuel Review 
for 1960. State Geo1. J.. 13, No.1, 1961, pp. 
86-123. Reviews briefly the output and value of 
minerals produced in the United States in 1960. 
OP 543. Merrill, Robert H. In Situ Determination 
of Stress by Relief Techniques. In State of Stress 
in the Earth's Orust, ed. by W. R. Judd. American 
Elsevier Publishing 00., New York, 1964, pp. 343-
378. Describes relief techniques used by investi-
gators to determine the stresses at various depths 
from the edge of underground openings. Evaluates 
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these techniques and the associated instrumenta-
tion, assumptions, and considerations that must be 
accepted. Two techniques, borehole-deformation 
and flat jack methods, were used concurrently to test 
some of the assumed versus the in situ conditions. 
Results indicate that these methods can give sa-
tisfactory results, even though some of the as-
sumptions may not be correct. 
OP 544. Miller, John E., Lowell Stroud,and L. 
Warren Brandt. Compressibility of Helium-Ni-
trogen Mixtures. J. Chem. and Eng. Data, v. 5, 
No.1, January 1960, pp., 6-9. Provides compres-
sibility factors for the helium-nitrogen system. that 
were obtained at 70 0 F at pressures to 4,000 psia. 
OP 545. Miller, John L., and Robert C. Johnson. 
The Synthesis and Properties of a Fluormica, In-
termediate Between Fluortaeniolite and Fluorhec-
torite. Am. Mineral., v. 47, September-October 1962, 
pp. 1049-1054. Gives chemical, physical, optical, 
and X-ray data for a monoclinic synthetic fluor-
mineral which conforms to the. hectorite formula 
but which has the physical characteristics of fluor-
micas. 
OP 546. Miller, John S., and J. L. Eakin. Neutron 
Logs Prove Results of Water-Block Treatment. 
Oil and Gas J., v. 63, No.'5, Feb. 1, 1965, pp. 81-83. 
Identification of liquid-saturated gas zones and 
identification of posttreatment changes in liquid 
saturation are possible through neutron logging. A 
field test showed a 52-percent increase in gas pro-
duction after water-block treatment, and the neutron 
log indicated a 50-percent drop in the gas zone's 
water saturation. 
OP 547. Miller, William C. Reduction of Noise at 
Percussion Drills~ Trans. 50th Nat. Safety Cong., 
Mining, v. 16, 1963, pp. 41-44. Describes methods 
of measuring noise generated by pneumatic rock 
drills with and without any attached mufIling or 
vibration damping device. 
OP 548. Mitchell, Donald W. Fighting Mine Fires. 
Trans. AIME, Mining, v. 223, June 1962, pp. 218-
224. Discusses results of investigations of extin-
guishing agents and methods for controlling under-
ground fires and suggests ways of reducing the fire 
hazards. 
OP 549. --' -. Rigid Urethane Foam in Mining 
Applications. Coal Age, v. 67, No.8, August 1962. 
pp. 64-65, 69. Discusses properties, applications, 
and costs of rigid foam used in construction of 
stoppings and sealing of mine roof and ribs. 
OP 550. Mitchell, Donald W., and Edwin M. Mur-
phy. Flammability of Rigid Urethane Foam. Proc. 
FOAmed Plastic Conf., U.S. Army Natick I,abora-
tories, Boston, Mass, Apr. 22-23, 1963, Dept .. of 
Commerce, PB 181576, PP. 235-248. Summar-
izes Bureau of Mines research on rigid urethane 
foam for URe in mines and tunnels. 
OP 551. Mitchell, Donald W., Edwin M. Murphy, 
John Nagy, and Florence P. Christofel. Practical 
ARnerts of Controlling an Undergl'ound Fil'e .(m a 
Mining Machine. Pres. at 11th Internat. Conf. of 
Directors of Snfety in Mines Res., Warsnw, Poland, 
Oct. 16-24, 1961, 27 pp. (preprint). (Pub. as RI 
5846.) EvalUAtes effectiveness of a few extinguish-
ing agents and techniqul."s for controlling a fire on a 
simulated mining machine. 
OP f)f)2. MitChell, Donald W.. and John Nagy. 
Water as an Inert for Neutralizing the Coal Dust 
Explosion Hazard. Proc. Coal Min. Inst. America, 
1961, 75th Annual Rept. 1962. pp. 48-58. Summar-
izes current knowledge on the use of water as an 
inert for American coal mines, with particular 
regard to its use as a supplement and substitute for 
generalized rock dusting. 
OP 553. Mitchell, Donald W., John Nagy, Edward 
M. Kawenski, Edwin M. Murphy, and R. Ward 
Stahl. The Explosion Hazard of Float Dust De-
posits. Pres. at 11th Internat. Conf. of Directors of 
Safety in Mines Res., Warsaw, Poland, Oct. 16-24, 
1961, 11 pp. (preprint). Summarizes work done by 
the Bureau on the explosion hazard of bituminous 
coal float dust depOSits and concludes that for the 
light deposits found in some American coal mines 
80 percent incombustible content maintained in the 
rib-roof and floor dusts will provide protection 
against the hazard of explosion, whether the dusts 
are layered or intimately mixed. 
OP 554. Mongan, Charles E., Jr., and Thomas C. 
Miller. Exploration of Coal-Mine Roof Strata 
Through the Use of Sonic Techniques. Coal Age, 
v. 65, No. 12, December 1960, pp. 114-119. Both 
theory and actual experiments in the Bureau of 
Mines Experimental Mine indicate the feasibility 
of exploring coal-mine roof strata through the use 
of sonic techniques. The term "sonic techniques" 
refers to the system of generating sonic (sound) 
wa yes, shaping and directing them as' a beam, in-
troducing them into the mine roof strata, and 
through observing the reflected waves, discovering 
separations and other inconsistencies within the 
strata traversed by them. 
OP 555. ---. Sonar Exploration of Coal-Mine 
Roof Strata. Min. Congo J., v. 46, No. 10, October 
1960, pp. 35-39. (For summary see OP 554.) 
OP 556. ---. Use of Sonic Techniques in Ex· 
ploring Coal-Mine Roof Strata. Coal and Base 
Minerals of Southern Africa, V. 8, No.9, Novem-
ber 1960, pp. 32-40; abs. in Battelle Tech. Rev., V. 9, 
No. 10, Paper 11436, October 1960, p. 612a; Trans. 
Nat. Safety Cong., Coal Min., v. 7, 1960, pp. 24-28; 
Internat. Symp. Min. Res., February 1961, v. 2, 
1962, pp. 669-679. (11"01' summary see OP 554.) 
OP 557. Montoya, J. W., and G. S. Baur. Nickelifer-
ous Serpentines, Chlorites, and Related Minerals 
Found in Two Lateritic Ores. Am. Mineral., V. 48, 
Nos. '11-12, November-December Hl63, pp. 1227-
1238. Gives data on nickel-bearing serpentines, 
chlorites, and related mineral species found in 
Jaterite ores from California and New Caledonia. 
The minerals were identified by detailed minera-
logical, optical, chemical, X-ray diffraction, dif· 
ferential thermal, and infrared spectra anlyses. 
OP 558. Moore, A. S. Sampling Dust in the Bureau 
of Mines Coal-Fired Gas Turbine. Combustion, v. 
35, No.4, October 1963, pp. 2-4. Describes some of 
the special equipment and methods the Bureau 
plans to use for sampling dust in the gases driving 
the coal-fired gas turbine. 
OP 559. Morgan, R. E., and J. W. Eckerd. Plans 
and Progress of Anthracite Research at the Bureau 
of Mines, U.S. Department of the Interior. Proc. 
Anthracite Conf., October 18-19, 1956, Pennsylvania 
State Univ., Miner. Ind. Exp. Sta. Bull. 70, June 
1957, pp. 45-48. Discusses current and future plans 
of the Bureau of Mines for research on Pennsyl-
vania anthracite to find ways to sati!=:fy an expand-
ing market for fine coal while creating new and 
profitable uses for the larger sizes. 
OP 560. Morrice, E. and R. G. Knickerhocker. 
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Rare-Earth Electrolytic Metals. Ch. in Rare Earths, 
ed. by F. H. Spedding and A. H. Daane, under 
auspices of Am. Soc. for Metals in cooperation with 
Office of Terh. Information, U.S. Atomic Energy Com-
mission. John Wiley & Sons, Inc., New York, 1961, 
pp. 126-144. A historical review of experiments in 
electrolytic preparation of the rare-earth and 
yttrium metals from fused salts is presented. :Most 
efforts at room temperature deposition from aqueous 
and nonaqueous solutions proved unsuccessful. Com.-
mercial misch metal electrowinning practices are 
described. Analyses and uses of misch metals, 
didymium, cerium, and lanthanum metals are given. 
Recent laboratory developments by the Bureau of 
Mines in the electrowinning of 99.9 percent cerium 
metal from ceric dissolved in a fluoride bath are 
reported. Analysis of the metal obtained is in-" 
eluded with cell design and operational data. 
OP 561. Morris, J. C., W. J. Lanum, R. V. Helm, 
W. E. Haines, G. L. Cook, and John S. Ball. Purifi-
cation and Properties of Ten Organic Sulfur Com-
pounds. J. Chem. and Eng. Data., v. 5, No.1, Jan-
uary 1960, pp. 112-116. Presents the third series 
of compounds that have been prepared by American 
Petroleum Institute Research Project 48A. This 
project, cooperatively sponsored by the Bureau ot 
Mines and API, was established to supply funda-
mental data concerning sulfur compounds that oc-
eur in petroleum. This list includes seven thiols 
and three sulfides. 
OP 562. Morrison, Warren E. World Petroleum 
Review, 1960. U.S. Contributions to 2d Symposium 
on Development of Petroleum Resources of Asia 
and the Far East, ECAFE, Teheran, India, Septem-
ber 1962. Gives statistics covering world petroleum 
demand, production, refining, transportation and 
distribution, and exploration in 1960, plus a few 
salient statistics for the immediately preceding years. 
OP 563. Mudra, Paul J., and Rudolph Sporcic. En-
capsulated Hydraulic Cells for Measuring Pressure 
Changes in Coal. Trans. AIME, Mining, v. 229, 
December 1963, pp. 396-401. Describes the design 
and construction of encapsulated hydraulic cells for 
measuring pressure changes in coal in situ. Pre-
liminary results from laboratory and field feasibil· 
ity tests indicate that the cells respond favorably to 
changes in pressures associated with a coal-mining 
environment. The ultimate objective is to use these 
cells to obtain engineering information relating to 
coal bump or coal outburst phenomena. 
OP 564. Mullins, P. V. Helium - Its Increased 
Use and Importance. Gas, v. 37, No.1, January 
1961, pp. 57-62. Indicates that a broad helium 
conservation program involving recovery of helium 
from natUral gas for storage underground and sub-
sequent use is needed to guarantee the Nation an 
adequate supply of helium in the future. Article 
covers consumers, production process, shipment, 
technical and cost data, and resources and conserva-
tion. 
OP 565. Murdock, Thomas G. Opportunities for 
Regional Organization in Mineral Resources Devel-
opment. U.S. Papers Prepared for the United Na-
tions Conference on the Application of Science and 
Technology for the Benefit of the Less Developed 
Areas. Natural Resources: Minerals and Mining, 
v. 2, 1963, pp. 53-69. Experience indicates that 
similar local conditions and objectives affecting 
mineral resource utilization within less developed 
countries of a given geographical area are often 
such that regional mineral organization can be 
effectively utilized. Use of regional organizations 
should. be encouraged and expanded; dl?tinite pro-
grams of active cooperation between countries of a 
region can accomplish far more than can individual 
national effort. 
OP 566. Murdock, Thomas G., and L. Nahai. Iran 
- A Growing Source of Chromite. World Min., v. 
13, No.2, February 1960, pp. 35-37. Reviews 
chromite mining in Iran; describes principal 
deposits and mines and factors influencing eco-
nomics of mining. 
OP 567. Murphy, Edward J. Comparison of Meth-
ods for Detecting and Analyzing Fumes From Ex-
plosives. Pres. at 11 Internat. Conf. of Directors 
of Safety in Mines Res., Warsaw, Poland, Oct. 16-
24, 1961. 13 pp. (Pub. as RI 5883) . Presents a 
comparative study of several analytical methods for 
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determining carbon monoxide and nitrogen oxides 
in toxic gases produced by detonation of explosives. 
OP 568. Murphy, Walter 1. R. In-Situ Shale-Oil 
Production Problems. Proc. 2d Plowshare Sympo-
sium, May 13-15, 1959, San Francisco, Calif., Part 
IV, Water Resources, Mining, Chemicals, Petroleum, 
UCRL-5678, February 1960, pp. 80-101. The pro-
posed Plowshare experiment in oil shale consists of 
two parts: (1) The nuclear phase, in which an 
atomic device would be detonated in the Green 
River Formation; and (2) the oil-recovery phase, 
in which a study would be made of methods for 
producing oil by in situ combustion of shale broken 
in the nuclear phase. Discusses some of the prob-
lems that may be involved in the second phase and 
suggests some methods that may be studied for 
operating an in situ project in oil shale. 
OP 569. Myers, J. W., J. J. Pfeiffer, and A. A. 
Orning. Using Coal Refuse in Building Materials. 
Trans. Soc. Min. Eng., v. 223, March 1962, pp. 53-
62. Describes method used to process washery 
refuse for use as a building material aggregate. 
OP 570. Nabors, W. M., C. N. Rosenecker, R. W. 
Cargill and Jack Smith. Feeding Coal to a Gas 
Turbine-Operation of Star Wheel Coal-Feeding 
System. Combustion, v. 35, No .. 7, January 1964, 
pp. 41-44. Desccribes the operation of a star wheel 
coal-feeding system developed by the Bureau of 
Mines and adapted for use with the coal-fired gas 
turbine. 
OP 571. Nagy, John. Controlling Mine Fires. 
Newsletter, Min. Se.c. Nat. Safety Council, February 
. 1960, p. 4. Describes experiments conducted by 
Bureau of Mines with the high-expansion foam 
plug as a means of controlling fires. 
OP 572. Nagy, John, and Donald W. Mitchell .. Coal-
Dust Explosions . . . Interpreting the Evidence. 
Coal Age, v. 69, No. 11, November 1964, pp. 102-107. 
Presents information on how evidence left by a 
coal-dust explosion can assist in the difficult task 
of interpreting observations made after an explo-
sion in an operating coal mine when detailed data 
are collected to establish the cause and 'factors af-
fecting ignition and propagation. . 
OP 573. ---. Gas Explosion Phenomena. Me-
chanization, v. 27, No.9, September 1963, pp. 39-42. 
Summarizes data collected at the Experimental 
Coal Mine involving the ease of ignition and the 
pressure and flame velocity developed. when a body 
of gas is ignited. 
OP 574. ---. Research on Float Dnst Hazards. 
Trans. Nat. Safety Cong., v. 7, Coal Mining, 1961, 
pp. 33-36. Describes research on the explosion 
hazards of float-coal dust deposits. 
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OP 575. Nagy, John, Edwin lVI. Murphy, and Donald 
W. Mitchell. Controlling Fires in Mines With 
High-Expansion Foam. Min. Eng., v. 12, September 
1960, pp. 993-996. Discusses experiments con-
dm'ted by the Bureau of Mines to determine the 
potential value of the foam-plug method for fighting 
fires in coal or metal mines. Indicates that an 
incipient fire should be attacked promptly with 
water, rock dust, or other approved and readily 
availability extinguishing agents. However, foam 
may be effective where heat, roof falls, and smoke 
prevf1nts a direct .flnprofl('h to the fire. 
OP 576. ---. High-Expansion Foam: Use and 
Method of Application for Bringing Mine Fires 
Under Control. Proc. Coal Min. Inst. America, 
Pittsburgh, Pa., Dec. 3-4, 1959, pp. 78-91. Describes 
experiments in controlling underground fires ot 
coal, oil, and wood by using high-expansion foam 
at attack distances ranging from 155 to 1,010 feet 
at the Bureau's Experimental Coal Mine. The foam 
is formed by spraying a dilute solution of foaming 
agent on a net; air passing through the continuously 
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wetted net forms bubbles and produces a honey-
comb of foam that fills the passageway. The light-
weight plug of foam can be moved, by the pressure 
of ventilating air or air from a fan incorporated in 
the foam generating device, through the mine pas-
sageways to the fire. 
OP 577. Nahai,L. Brief Review of Some -Direct 
Reduction Methods and Their Evaluation in Rela-
tion to Blast Furnace and Electric Furnace Smelt-
ing of Iron Ore. Symposium on Iron Ore, Isphahan, 
Iran, Oct. 2-5, 1963. Office of U.S. Economic Co-
ordinator for CENTO Affairs, pp. 245-276. Dis-
cusses reasons for interest in direct-reduction meth-
ods, principal methods of direct reduction, types of 
reduction with gases, recent developments in the 
blast furnace, and a consideration of electric 
smelting. -
OP 578. ---. India Expands Ferromanganese 
Industry. Eng. and Min. J., v. 160, No. 10, October 
1959, pp. 112-113, 210. Reviews ferromanganese pro-
duction and trade in India; describes new plants and 
examines raw-material situation. 
OP 579. Nahai, L., and K. P. Wang. Basic Con-
cepts of Mineral Trade. Document of United Na-
tions Economic Commission for Asia and the Far 
East (ECAFE), No. I & NR/Sub. 3/59, April 20, 
1960. Examines problems of mineral trade of 
ECAFE countries and suggests measures which 
governments of the region, industry, and ECAFE 
might consider to assure a steady market for 
mineral products of the countries of -the region. 
OP 580. Nasiatka, Thomas M. Hydraulic Pitch 
Mining - The Roslyn Project. Coal Age, v. 67, No. 
6, June 1962, pp. 74-76. Describes an experiment 
in hydraulic mining in the Roslyn No.5 coalbed, in 
Washington, which dips approximately 38°. Using 
one-man monitor and pressures of 3,500 to 4,000 psi, 
hydraulic pitch mining has increased productivity 
50 percent over conventional methods. Better than 
17.6 tons per man-shift is achieved with late nozzle 
designs. 
OP 581. Newman. L. L. The Gas Industry in the 
U.S.S.R Gas, v. 36, No. 11, November 1960, pp. 
59-65. Presents a brief history of the Russian 
gas industry. Emphasizes Soviet plans to expand 
the industry. 
OP 582. Nicholls, Harry R Coupling Explosive 
Energy to Rock. Geophysics, v. 27, No.3, June 1962, 
pp. 305-316. Two types of explosive-to-rock coupling 
were investigated, geometrical and impedance. 
Strain amplitudes and strain energy in the rock 
also are shown to be dependent on the properties of 
the explosive and the medium surrounding the shot-
hole. Deviations from acoustic theory are noted. 
OP 583. ---. Disc. of "Recent Techniques for 
Determination of In Situ Elastic Properties and 
Measurement of Motion Amplification in Layered 
Media," by R. J. Swain. GeophYSics, v. 28, No.1, 
February 1963, p. 112. 
OP 584. Nicholls, Harry R, and Wilbur 1. Duvall. 
Effect of Oharacteristic Impedance on Explosion-
Generated Strain Pulses in Rock. Rock Mechanics, 
Proc. 5th Symp., 1962, ed. by C. Fairhurst. Perga-
mon Press, New York, 1963, pp. 331-346. Gives 
data on the effect of the ratio of characteristic 
imped-ance on explosion-generated strain amplitudes 
and strain ene1,"gies that were investigated theoreti-
cally and experimentally. Although the theory post-
ulated is for plane waves, observed data agree with 
predictions based on shock wave theory. The effect 
of characteristic impedance was shown to be much 
greater than acoustic theory predictions. 
OP 585. Niedermeier, William, Ellis E. Creitz, and 
Howard L. Holley. Trace Metal Composition of 
Synovial Fluid From Patients With Rheumatoid 
Arthritis. Arthritis and Rheumatism, v. 5, No.5, 
October 1962, pp. 439-444; abs. in Clinical Res., v. 
10, 1962, p. 53. Gives data on emission spectro-
graphic analysis of synovial fluid and blood serum 
from patients with rheumatoid arthritis and from 
subjects free of symptoms of connective tissue 
disease.. Blood serum of arthritic patients con· 
tained increased concentrations of copper and 
rubidium and decreased concentrations of iron, 
aluminum, and chromium. - -
OP 586. Obert, Leonard. In Situ Determination of 
Stress in Rock. Min. Eng., v. 14 No.8, August 
1962, pp. 51-58. Describes underground research 
that led to development of a method for determining 
the absolute magnitude and direction of stress in 
rock. Work also shows that by making measure-
ments at a distance from the surface of underground 
openings, the magnitude and di:rection of the stress 
field can be ascertained. 
OP 587. ---. Recent Development of Bureau of 
Mines Investigation of Vibrations from Quarry 
Blasting .. Crushed Stone J., v. 36, No.1, March 
1961, pp. 13-18. Discusses the' Bureau of Mines-in-
dustry program for studying the seismic effects from 
quarry blasting in order to guide quarry operators 
and the various States that are preparing blasting 
codes. This report evaluates the previous damage 
criteria studies made by the Bureau of Mines and 
other investigators; commercially available seismo-
graphs of the type used for measuring quarry 
vibrations; design criteria fQr po:r;table seismo-
graphs; procedures for mounting gages so as to 
eliminate "ringing"; the relative seismic effects 
from instantaneous, millsecond, and standard delay 
shooting; and the accumulation of data for the 
determination of propagation law. 
OP 588. ---. Seismic Effects From Blasting. 
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Crushed Stone J., v. 35, No.1, March 1960, pp. 24-
27. Presents summary of work accomplished on 
the vibration problems during the preceding year. 
OP 589. Ode, W. H. Coal Analysis and Mineral 
Matter. Ch. 5 in Chemistry of Coal Utilization: 
Supplementary Volume, ed. by H. H. Lowry. John 
Wiley & Sons, Inc., New York, 1963, pp. 202-231. 
Reviews methods for analysis and testing of coal 
and coke and of the occurrence of major and minor 
elements in the mineral matter. 
OP 590. Ode, W. H., and Theodore Christos. Solid 
and Gaseous Fuels. Anal. Chem., v. 33, No.5, 
April 1961, pp. 61R-69R. Reviews methods of sam-
pling, analyzing, and testing solid and gaseous fuels 
during a 2-year period ending in September 1960. 
The soliel fuels sectiDn covers sampling, proxi-
mate analysis, calorific value, inorganic constituents 
in coal and coal ash, laboratory coking tests, and 
standard methods; the gaseous fuels section covers 
sampling, chemical methods of analysis, calorific 
value, and standard methods. 
OP 591. Oitto, Richard H. Use of I:tesin To Stabil-
ize Fractured Ground. Trans. Nat. Safety Cong., 
v. 16, 1963, pp. 54-57. Describes the experimental 
application of a polyester-type resin and steel re-
inforcing bars to stabilize fractUred ground in a 
metal mine. Preliminary test results indicate that 
resin-rebar supports is effective in repairing certain 
types of fractured ground where conventional sup-
port methods are ineffective or too costly. 
OP 592. Okuno, I., J. C. Morris, and W. E. Haines. 
Microdetermination of Sulfur by Hydrogenation 
and Gas Ohromatography. Anal. Chem., v. 34, Oc-
tober 1962, pp. 1427-1431. Describes a method for 
the determination of sulfur in small samples. It 
consists of hydrogenating the sample to give 
hydrogen sulfide and determining the hydrogen 
sulfide by gas-liquid chromatography. 
OP 593. Oppelt, W. H., and G. H. Gronhovd. De-
sign and Preliminary Operation of a Slagging, 
Fixed-Bed Pressure Gasification Pilot Plant. 
Trans. AIME, Mining, v. 220, 1961, pp. 154-160. 
Complete gasification to produce synthesis gas for 
manufacture of synthetic chen;ticals and fuels offers 
possibilities for utilization of the vast lignite fuel 
deposits in the United States. The design of a 
slagging, fixed-bed, pressure gasification pilot plant 
is described. Results are presented for initial 
operation of the plant at moderate press:nre and 
using low-temperature char as fuel. 
OP 594. Oppelt, W.H., and W. R. Kube. Bench-
Scale Experiments on Low-Temperature Carboniza-
tion of Lignite and Subbituminous Coal at Elevated 
Pressure. Trans. AIME, Mining, v. 220, 1961, pp. 
126-:-133. Five low-rank coals, including two lignites, 
a steam-dried lignite, and two subbituminous coals, 
were carbonized at 9400 F in a bench-scale carbon-
izeI' with a nitrogen and hydrogen atmosphere, or 
both, using pressures from atmospheric to 1,000 
psig. Coking characteristics were observed, and 
yields, composition, and distribution of products 
from thermal degradation were determined. 
OP 595. Orning, A. A. Disc.· of "Corrosion of 
Superheaters and Reheaters of Pulverized-Coal-
Fired Boilers," by W. Nelson and C. Cain, Jr. 
Trans, ASME. v. 82, ser. A, 1960, p. 202. 
OP 596. ---. Disc. of "The Influence of Coal 
Rank on the Burning Times of Single Captive 
Particles," by R. H. Essenhigh. Trans. ASME, 
series A, J. Eng. Power, v. 85, No.3, 1963, p. 189. 
OP 597. Ostrowski, E. J., G. Kesler, and N. B. 
Melcher. Blast Furnace Enrichment Investiga-
'tions. J. Metals, vol. 132, No.1, January 1961,pp. 
25-30. Reports results of investigation conducted 
in the Bureau of Mines experimental blast furnacE' 
. at Bruceton, Pa. Describes the effects of moisture, 
natural gas, and oxygen injection. Each of these 
additions required additional blast temperature, 
and the use of this higher blast temperature re-
sulted in a decreased coke rate and an increased 
metal production rate. Additional coke savings 
were realized when the carbon from the natural gas 
replaced carbon from the coke. 
OP 598. Overbey, William K., Jr. Appalachian 
Region Oilfield Region Oilfield Reservoir Investiga-
tions, Dewdrop, Bradford Third, Lewis Run, and 
Sartwell. Sands, Sartwell Field, Annin Township, 
McKean County, Pa. Producers Monthly, v. 28, 
No. 11, November 1964, pp. 24-27. Gives production 
data and core analysis results for the Dewdrop, 
Bradford Third, and Sartwell sands in the Sart-
well oilfield. Discusses development history of the 
field, geology, lithology, coring, geophysical logging 
operations, and well completion. 
OP 599. Palowitch, E. R. Coal Preparation, 1959. 
Min. Congo J., V. 46, No.2, February 1960, pp. 54-56. 
Briefly summarizes progress in the technology of 
coal preparation in the United States; includes 
trends, innovations, and practices in the various 
unit operations included under coal preparation. 
OP 600. ---. Hydraulic Coal Mining in the 
United States. Proc. 2d. Internat. Conf. on Rapid 
Advance. in Coal Mining, Sept. 30-0ct. 5, 1963, 
Institut de l'Industrie Charbonniere, Liege, Bel-
gium, 1964, E5, pp. 361-367. Describes hydraulic 
mining methods in the United States as exemplified 
by Bureau of Mines experimental work in the com-
paratively flat-lying Pittsburgh coalbed in Pennsyl-
vania and the steeply pitching Roslyn No. 5 coal-
bed in Washington. 
OP 601. Palowitch, E. R., and A. W. Deurbrouck. 
New Improvements Shown in Coal Preparation. 
Min. Eng., v. 16, No.2, February 1964, pp. 89-90. 
Summarizes advances made iIi the field of coal 
preparation during 1963. New equipment, trends 
in technology, and latest practices were given for 
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raw-coal treatment, washing, dewatering and dry .. 
ing, and plant control. 
OP 602. Palowitch, E. R., and W. T. Malenka. Hy-
draulic Mining Research-A Progress Report. Min. 
Congo J., v. 50, No.9, September 1964, pp. 66-73. 
Describes laboratory studies of the effect of nozzle 
design and water volume and pressure on the jet 
performance. Penetration and cutting-rate tests 
were made on bituminous and anthracite coals to 
determine the effect of total force, kinetic energy, 
proximity of the nozzle to the coal, and jetstream 
traverse speed on the extraction rate of the coal. 
Field tests were also made in the flatlying Pitts-
burgh bed, in a 13-foot-thick pitching anthracite 
coalbed, in the pitching Roslyn No.5 coalbed, and 
in the Carbondale, Colo., pitching "A" coalbed. 
OP 603. Panek, Louis A. Design for Bolting Strat-
ified Roof. Trans. SME, V. 229, June 1964, pp. 
113-119. Brings together results that are pertinent 
to the design of a bolting system for reinforcing 
horizontally stratified mine roof with vertical bolts. 
The design approach is based on the use of bolts 
to decrease the maximum bending stress within an 
arbitrary sequence of roof strata in which the only 
loads are the weights of the individual beds. 
OP 603A.. ---. Design Rationale for Bolting 
Stratified Mine Roof. Proc. 3d Internat. Min. 
Cong., Salzburg, Austria, 1963. Discussion of me-
chanics of behavior of bolted stratified roof and 
quantitative evaluation or the reinforcing effect 
achieved by bolting, based on Bureau of Mines 
research results. 
OP 604. ---. Measurement of Rock Stresses. 
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Proc. First Canadian Rock Mechanics Symp. Mines 
Branch, Dept. of Mines and Tech. Surv. Ottawa, 
Canada, 1963, pp. 53-68. Discusses the primary 
characteristics of the major classes of borehole 
devices for measuring changes of stress and strain 
in mine rock. Emphasis is given to the principle 
that a determination of the response of a device 
under realistic conditions is a prerequisite for the 
valid interpretation of gage and instrument read-
ings in terms of actual rock stresses. 
OP 605. ---. Measurement of Rock Pressure 
With a Hydraulic Cell. Trans. AIME, v. 220, 1961, 
pp. 287-290.; Min. Eng., v. 13, No.3, March 1961, 
pp. 282-285. Describes an apparatus and tech-
nique for direct measurement of existing pressure 
and change of pressure in mine rock. This rela-
tively simple monitor is reliable for months after 
being installed. It is used to determine shift of 
ground pressure created by different sequences of 
mining, to ascertain the cause of rock failures, and 
to evaluate the need for artificial support. The 
technique has been· employed to measure pressures 
in limestone, greywacke, concrete, diabase, and 
soft iron ore. 
OP 606. ---. Methods for Determining Rock 
Pressure. Proc. 4th Symp. on Rock Mechanics, 
Pennsylvania State Univ., 1961, pp. 181-184. Dis-
cusses general principles underlying the design and 
application of sensing devices to make measure-
ments in mines or tunnels, which measurements 
are for the intended purpose of determining the 
existing ground stress or the change of ground 
stress. The several classes of instruments are 
illustrated by devices that are used by the Bureau. 
OP 607. ---. Use of Vertical Roof Bolts To Re-
inforce an Arbitrary Sequence of Beds. Proc. In-
ternat. Symp. on Min. Res., Univ. of Missouri, V. 2, 
1961, pp. 499-508. Discusses certain aspects of the 
"suspension" and "friction" effects in reinforcing 
horizontally bedded mine roof by bolting. Major 
emphasis was on the parametric function denoted 
the "relative flexural rigidity," which is the main 
factor underlying the suspension effect. 
Articles Published 
OP 608. Pans on, A. G., and L. M. Adams. Com-
plete Gas Chromatographic Analysis of Hydrogen 
in Fixed Gases and Hydrocarbons Using One Detec-
tor and Helium as Gas Carrier. J. Gas Chroma-
tography, v. 2, No.5, May 1964, pp. 164-166. De-
scrilJes a rapid, simple, and accurate method for 
gas chromatographic analysis. of hydrogen in com-
plex gaseous mixtures using one detector and one 
carrier gas. Method circumvents the difficulties 
often encountered in determining hydrogen in com-
plex mixtures and can be carried out with stand-
ard apparatus. 
OP 609. Pantages, Peter, and Carl Rosa. Quick 
Disconnect Fittings for Gas Chromatographs. Hy-
drocarbon Processing and Petrol. Refiner, v. 42, No. 
4, April 1963, pp. 192, 194. Describes a modified 
compression fitting that has been developed for use 
in gas chromatography. It is hand tightened which 
prolongs thread life, has an effective O-ring seal, 
and withstands moderate pressure and temperature. 
OP 610. Parisi, C. William, and Donald W. Mitchell. 
Application of Rigid Foam in the Coal Mining In-
dustry. Mechanization, v. 27, No.3, March 1963, 
pp. 31-33. Discusses the potential of rigid foams 
for increasing mine safety and reducing service 
costs in coal mining. In comparison with current 
methods for sealing and protecting mine surfaces, 
rigid foam requires less labor and material handling 
for its application and makes a stronger bond with 
unprepared surfaces. 
OP 611. Park, R., and H. N. Dunning. Stable Car-
bon Isotope Studies of Crude Oils and Their Por-
phyrin Aggregates. Geochimica et Cosmo-Chimica 
Acta, v. 22, 1961, pp. 99-105. Past research has 
suggested tha t petroleum porphyrins arising from 
bacterial metabolism of the source lipid or petro-
leum hydrocarbon should have a C13/C12 ratio sim-
ilar to that of the petroleum as a whole. Studies 
have also indicated that porphyrins ariSing directly 
from porphyrins synthesized in the organic source 
material or from bacterial degradation of the car-
bohydrate fractions of the source material should 
have a C13IC12 ratio larger than the petroleum hy-
drocarbon by about 5 per mil. To test these pre-
dictions, several petroleums and high purified por-
phyrin aggregates sE'parated from them were ana-
lyzed for their C13/C12 ratio. 
OP 612. Parks, Bryan C. Origin, Petrography, and 
Classification of Coal. Ch. 1 in Chemistry of Coal 
Utilization: Supplementary Volume, ed. by H. H. 
Lowry. John Wiley & Sons, Inc., New York, 
1963. pp. 1-34. Discusses current theories of the 
Origin of coal; df'velopments in the field of coal 
petrography, including stUdies of fundamental prop-
erties and petrographic components; and interna-
tional classification of hard coal and brown coal. 
OP 613. ---. The Role of Microconstituents in 
the Free-Swelling of a High Bituminous Coal, Chil-
ton Bed, Logan County. Trans. Crystal Cliffs, Nova 
Scotia, Coal Conf., 1962, pp. 195-210. Describes 
methods and reviews the results of an investiga-
tion on the relation between microscopic composi-
tion and thermal decomposition of a petrographi-
cally heterogenous high-volatile A bituminous coal 
from Logan County. W. Va. 
OP 614. Parsons. Edward W. D""velopment and 
Testing of an Explosive-Anchored Rockholt. Min. 
Congo J., v. 50, No.6, June 1964, pp. 28-32. De-
scribes a rockbolt anrhored by a contained explo-
sive charge, developed by the Bureau of Mines, and 
tE'sted in nine mines, which will produce bfltter 
anrhorage than conventional rockbolts, especially in 
soft rock formations. 
OP 615. Pearce, S. J. Do's and Don't's in Using 
Gas Masks. Safety Maintenance, v. 121, No.3, 
March 1961, pp. 10-14. Discusses the role of the 
gas mask in industry. Covers limitations and ad-
vantages, performance requirement for Bureau of 
Mines approval, areas of use, factors in gas-mask 
use, and common fallacies about the gas mask. 
OP 616. Pearce, S. J. Gas Masks for Industrial Safe-
ty. Modern Sanitation and Building Maintenance, v. 
12, No. 12, December 1960, pp. 11, 39-40. Discusses 
limitations and advantages of the gas mask. 
OP 617. Perlee, Henry E., Agnes C. Imhof, and 
Michael G. Zabetakis. Flammability Characteris-
tics of Hydrazine Fuels in Nitrogen Tetroxide At-
mospheres. J. Chern. and Eng. Data, v. 7, No.3, 
July 1962, pp. 377-379. Gives data on the limits of 
flammability of hydrazine, monomethyl hydrazine, 
unsymmetrical dimethylhydrazine, and blends con-
taining these liquids in air at various tempera-
tures and pressures. Research was done in an 
effort to determine the extent of the fire and ex-
plosion hazards associated with a flammable liquid 
in potential accident situations. 
OP 618. Perlee, 'Henry E., Israel Liebman, and 
Michael G. Zabetakis. Formation et inflammation 
de melanges methane-air stratifies [Formation and 
Flammability of Stratified Methane-Air Mixtures]. 
Rev. Ind. Miner., v. 46, No.8, August 1964, pp. 1-5. 
Summarizes studies of the formation and flamma-
bility of stratified methane-air mixtures, in both 
still and moving atmospheres. 
OP 619. Perry, Harry. Coal Research in the United 
States. Proc. 15th Dominion-Provincial Conference 
on Coal, Halifax, Nova Scotia, September 1963, pp. 
35-43. Discusses some of the major coal research 
projects under way in the United States. These 
include removal of methane from coal in advance 
of mining; possible adaptation of longwall mining 
methods to U.S. conditions; development of hy-
draulic mining methods; reduction of acid mine 
water from both active and abandoned mines; 
study of the basic properties of coal in place; im-
provement in coal-preparation equipment; removal 
of sulfur from coal; safe storage methods for 
lignite; and developing new uses for coal. 
OP 620. ---. Degasification of Coalbeds in Ad-
vance of Mining. Trans. 47th Nat. Safety Cong., v. 
7, 1960, pp. 21-34. Describes various methods of 
extracting methane from coal-bearing formations 
used in· the past and as now practiced. Gives de-
tails of methane drainage projects in Europe, Ja-
pan, and the United States~ Outlines research 
needed on methane's relation to the physical prop-
erties of coal and associated strata and on the 
development of techniques and equipment for the 
removal and utilization of methane. 
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OP 621. ---. Developments in Coal Utilization 
Technology (With Emphasis on Unitl'ld States Prac-
tice). Symp. on Coal, Zonguldak, Turkey, Decem-
ber 1961, Office of U.S. Economic Coordinator for 
CENTO Affairs, 1962, pp. 261-278. Discusses trends 
in coal technology that may lead to a higher con-
sumption of coal in the future, including wider llse 
for coal for electric power production, imnrove-
ments in carbonizing techniques, greater production 
of synthesis gas and hydrogen, and development of 
economic processes for producing liquid fuels. 
OP 622; ---. Disc. of "Air Pollution From 
Power Plants and its Control," by T. T. Franken-
burg. Proc. National Conference on Air Pollution, 
Dec. 10-12, 1962, U.S. Department of Health, Edu- ' 
cation, and Welfare, Public Health Service, Pub. 
1022, pp. 101-102: Combustion, v. 34, No.8, Febru-
ary 1963, pp. 31-33. 
OP 623. ---. Make High-Btu Pipe Line Gas 
From ,Coal. Hydrocarbon Processing and Petroleum 
Ref., v. 41, No.7, July 1962, pp. 89-94. Reviews 
the processes by which pipeline gas could be eco-
nomically produced from coal if it were required. 
Significant advances have been made in the tech-
nology of making synthesis gas and hydrogen, and 
several different continuous processes with large· 
throughputs per unit volume of reactor have been 
developed. 
OP 6!:!4. Perry, Harry. Pipeline Transportation of 
Coal and Its Potentials for the Metallurgical Indus-
try. Proc. 22d Ironmaking Conf., v. 22, 1963, pp. 
547-553. At the present time, coal-slurry pipelines 
apparently do not have potential applications for 
metallurgical applications except in special cases. 
On the other hand, should a coal-slurry pipeline de-
signed for other purposes pass close to a metallurgi-
cal plant, it may be possible for a part of the coal 
to be sold to the plant for general use or for sup-
plemental fuel injection into a blast furnace to 
replace coke. Coarse coal transportation in pipe-
lines, however, may have some application in loca-
tions where the coking coal source and the coke 
plant are close together and where other transporta-
tion costs are relatively high. 
OP 625. ---. Remarks on Hydraulic MIning of 
Coal. Symp. on Coal, Zonguldak, Turkey, Decem-
ber 1961, Office of U.S. Economic Coordinator for 
CENTO Affairs, 1962, pp. 208-209. Describes briefly 
the Bureau's experimental work in hydraulic min-
ing of coal in an abandoned coal mine in western 
Pennsylvania (hard bituminous Pittsburgh bed), 
in a steeply pitching coal mine in Washington 
State, and in an operating anthracite mine. 
OP 626. ---. Revolution in Coal Transport. Is 
It Near? Mechanization, v. 27, No.5, May 1963, 
pp. 29-33. Discusses new methods for transporta-
tion of bituminous coal that are currently under 
investigation. 
OP 627. ---. Status of Coal Research in the 
United States. Coal Age, v. 68, No.7, July 1963, 
p. 108. SUmmarizes coal research in the United 
States with respect to improved mining and prepa-
ration methods and new uses. 
OP 628. ---. Uses for Coal in the Future. 
Proc. 1st Energy Inst., June 26-July 1, 1960, spon-
sored by the School of Business Administra tion, 
American Univ., Washington, D.C., 1960, pp. 90-97. 
Indicates that coal supplied 67 percent of the total 
energy demand of the country in 1920 and only 22 
percent in 1959. Discusses the decline of coal and 
its probable future. Predicts that coal will be able 
to retain its share of the fuel market during the 
next 40 years if it can attain its share of scientific 
advances. 
OP 629. ---. World Coal Trends. Symp. on 
Coal, Zonguldak, Turkey, December 1961, Office of 
U.S. Economic Coordinator for CENTO Affairs, 
1962, pp. 14-25. Gives data on the world produc-
tion and consumption of coal and discusses the 
future of demand for the three fossil fuels. 
OP 630. Perry, Harry, and Carl C. Anderson. Fuel 
Technology in the United States. J. Inst. Fuel, v. 
34. No. 249, October lD61, pp. 421-439. Surveys the 
entire fossil fuel situation in the United States: 
hiRtory. reserves, technology, and present and fu-
ture uses of coal, petroleum, and natural gas. 
While the use of petroleum and natural gas will 
continue to increase as population and per capita 
consumption increase, it is believed that coal will 
claim a larger proportional share of the energy 
market, particularly in generating electric power. 
OP 631. Perry, Harry, M. A. Elliott, and M. R. 
Linden. Current Developments in the Conversion 
of Coal to Fluid Fuels in the United States. Trans. 
6th World Power Conf., Melbourne, Australia, Oct. 
20-27, 1962, v. 7, pp. 2497-2514. Summarizes the 
results of research, in the United States, on con-
verting coal to fluid fuels and reviews the· perti-
nent . factors relating to the need for supplemental 
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liquid and gaseous fuels produced from coal to 
meet the increasing demands for fluid fossil fuels. 
OP 632. Perry, Harry, and Richard M. Gooding. 
Fuels Research in the United States. Mechaniza-
tion, v. 27, No.2, February 1963, pp. 39-44. Re-
views the research in fuels during the decade 
1950-60, with particular emphasis on solid fuels. 
OP 633. Petrick, Alfred. Capital Investment in 
Mine Plant and Equipment. Met. Min. and Proc-
essing, v. 1, No.8, pp. 32-37. Discusses and eval-
uates some of the changes in the decisionmaking 
machinery behind capital expenditures, with par-
ticular reference to current practice in the mineral 
industries. 
OP 634. Pierce, C. 1. J. Pasini III, and R. B. 
Lowe. Laboratory Tests of Shielded-Electrode Log-
ging in Model Oil Wells. Producers Monthly, v. 25, 
No.6, June 1D61, pp. 20-24. An electrolytic-tank 
model was used to investigate the response of a 
shielded-electrode electrical logging device in thin, 
noninvaded resistive beds of different thickness for 
various bed-to-borehole-resistivity contrasts. Sand-
stone disks were used as resistive beds. Each disk 
had a drill hole along its cylindrical axis. Agar 
gel or water was used as a conductive bed. The 
electrical system was an automatically controlled 
bridge-type circuit that maintained the shield and 
measuring electrode as equipotential surfaces and 
also maintained the measuring current at a con-
stant level. 
OP 635. Pipilen, A. P., M. Weintraub, and A. A. 
Orning. Hydraulic Transport of Broken Coal. 
Trans. AIME, v. 229, pp. 427-435. Gives results 
of an investigation of some of the principal factors 
affecting the economic transport of coal-water mix-
tures through a pipeline and centrifugal pump. 
Describes novel techniques for evaluating these 
factors. 
OP 636. Polack, S. P. Bureau of Mines Evaluates 
Fire Resistance of HydraUlic Fluids. Iron and 
Steel Eng., v. 41, No.8, August 1964, pp. 105-110. 
Presents brief summation of Bureau activities in 
the prevention of fires by the use of nonflammable 
hydraulic fluids. 
OP 637. _. --. Fire-Resistant Hydraulic Fluids 
for Underground Use-Report No. II. Pres. at 11th 
Internat. Conf. of Directors of Safety in Mines 
Res., Warsaw, Poland, Oct. 16-24, 1961, 35 pp. 
(preprint). The second of two reports (first re-
port given at 10th Internat. Conf. of Directors of 
Safety in Mines Research,. Pittsburgh, Pa., Sept. 
28-0ct. 2, 1959) on fire-resistant hydraulic fluids 
for underground use. Gives results of extensive 
testing of fire-resistant hydraulic fluids. 
OP 638. Porter. Bernard, and E. A. Brown. Melt-
ing Points of Inorganic Fluorides. J. Am. Ceram. 
Soc., v. 45, No.1, January 1962, p. 49. Melting 
points were determined to ± 5° C of pure, inor-
ganic fluorides. The values, in centigrade, are: 
BaF2, 1,31)4°; CaF2, 1,402°; CeF3, 1,437°; GdF3, 
1,228°; KF, 858 0 ; LaFa, 1,490°; LiF. 846 0 ; NaF, 
9940 ; SrF2, 1,463°; ThF4, 1..102 0 ; and YF3 • 1.1480 • 
OP 639. Porter. Bernard, E. S. Sbeed, C. Wyche, J. D. 
Marchant, and R. G. Knickerbocker. Higher Purity 
Ingot Cerium From Molten Salts. J. Metals, v. 12, 
No. 10, October 1960, pp. 798-801. Presents an eval-
uation of several critical factors in the electro-
winning of cerium from molten salts. 
OP 640. Potter, J. Leon, James E. Murphy, and 
Howard H. Heady. Determination of Oxygen in 
Mixed Fluorides by Inert Gas Fusion. Anal. Chern., 
v. 34, No. 12, November 1962, pp. 1635-1638. De-
scribes an inert-gas fusion procedure for determin-
ing oxygen in mixed fluoride electrolytes used in 
electrowinning uranium and the rare-earth metals. 
Articles Published 
Relative error of the method in the 0.05 to 0.5 per-
cent range is about 5 percent. 
OP 641. Powell, John P., and Kenneth H. Johnston. 
Waterflood Fracturing Pays Off. Independent Pe-
troleum Association of America, October 1960, 9 pp. 
Provides a major contribution to hydraulic fractur-
ing, particularly as related to waterflood operations. 
OP 642. Prien, Charles H. Pyrolysis of Coal and 
Shale: Pyrolysis of Oil Shale. Ind. Eng. Chem. v. 
53, No.8, August 1961, pp. 676-679.. Reviews over 
80 technical articles on oil-shale pyrolysis from 
October 1959 through February 1961 for domestic 
journals and from February 1959 through Febru-
ary 1961 for foreign journals. 
OP 642A. Prokopovitsh, Andrew S. Rev. of "Trea-
tise on Analytical Chemistry. Part II, Analytical 
Chemistry 'of the Elements," v. 8, ed. by I. M. Kolth-
off and P. J. Elving. J. Metals, v. 16, No. 11, No-
vember 1964, p. 856. 
OP 643. Pynnonen, R. 0., and R. L. Bernard. Su-
pervision in Roof Bolting. Skillings' Min. Rev., v. 
50, No.6, Feb. 11, 1961, pp. 1, 4-5. Discusses need 
for adequate supervision in roof bolting and cites 
unsafe conditions or practices that would be avoided 
with better supervision. 
OP 644. Rall, H. T., R. L. Hopkins, C. J. Thomp-
son, and H. J. Ooleman. Some Chemical and Phys-
ical Techniques for Separation and Analysis of Sul-
fur Oompounds in Petroleum. Proc. API, v. 42, sec. 
8, pp. 46-60. Describes some of the physical and 
chemical methods used by the Bureau in coopera-
tive work with API Research Project 48 in the 
separation and identification of sulfUr compounds 
in petroleum. Typical data are shown illustrating 
the results obtained. 
OP 645. RaIl, H. T., O. J. Thompson, H .. J. Cole-
man, and R. L. Hopkins. Hydrogenolysis. Proc. 
API, v. sec. 8, 1962, pp. 81-86. Describes a micro-
desulfurization method applicable to gas-liquid 
chromatographic fractions as small as 0.000005 ml. 
The technique is used successfully in the identifica-
tion of sulfur compounds in petroleum' fractions. 
It is also applied to nitrogen-, oxygen-, and halogen-
containing compounds. 
OP 646. ---. Sulfur Compounds in Petroleum. 
Proc. API, v. 42, sec. 8, 1962, pp. 19-27. Discusses 
the sulfur content of crude oils with relation to 
geologic origin. Included are data On sulfur com-
pound distribution within the crude oil, classes of 
sulfur compounds found, and the individual sulfur 
compounds identified in petroleum. Certain rela-
tionships existing between compound structure and 
abundance are cited: 
OP 647. Raymond, Raphael, Leslie Reggel, Waldo 
A. Steiner, Sabri Ergun, and Irving Wender. Re-
duction of Graphite by Lithium-Ethylenediamine. 
Nature, v. 185, No. 4710, Feb. 6, 1960, pp. 379-380. 
Shows that coals and vitrains containing up to 92 
percent carbon can be reduced by the lithium-
ethylenediamine system. Hydrogen is added, no 
carbon-carbon bonds are broken, and the reaction 
occurs under the mild conditions of 115° C and 
atmospheric pressure. 
OP 648. Raymond, Raphael, Irving Wender, and 
Leslie Reggel. Catalytic Dehydrogenation of Coal. 
Science, v. 137, No. 3531, Aug. 31, 1962, pp. 681-682. 
Reports on first production of significant amounts of 
molecular hydrogen from coal by catalytic dehy-
drogenation. Ooals were dehydrogenated by treat-
ment with catalysts in high-boiling aromatic and 
heteroaromatic solvents. Up to 53 percent of the 
'hydrogen was evolved as hydrogen gas. 
OP 649. ---. An Improved Technique for the 
Soxhlet Extraction of Coal. Fuel, v. 43, No.4, 
July 1964, pp. 299-301. Certain difficulties com-
monly encountered in the Soxhlet extraction of 
coal, which' are caused by the swelling action of 
the solvent upon the coal, can be eliminated by 
mixing the coal with an inert filler and placing the 
thimble on a glass pedestal. Potassium chloride 
and diatomaceous earth are satisfactory as fillers; 
with the former, there is no reaction with the coal 
and both residue and extract can be obtained free 
of any contaminant. 
OP 650. Rees, O. W., and W. H. Ode. Interna-
tional Standardization of Methods for Sampling, 
Analysis, and Testing of Coal and Coke. Min. Congo 
J., v. 46, No. 11, November 1960, pp. 94-96. The 
development of international standards for sam-
pling, analysis, and testing of coal and coke, under 
the sponsorship of the International Organization 
for Standardization, is carried out by a committee 
representing the national standards bodies of every 
important coal-producing nation, including the 
United States. To better acquaint the U.S. coal 
industry with the activity, the report describes 
how ISO works, the progress being made, and the 
benefits accruing from U.S. participation. 
OP 651. Reggel, Leslie, Joseph ·P. Henry, and Irv-
ing Wender. The Lithium-Ethylenediamine System. 
III. Formation of Imidazole Derivatives and Cleav-
age of Certain Carbon-Carbon Bonds. J. Org. 
Chem., v. 26, 1961, pp. 1837-1840. Hydrocarbons 
such as tetralin and isopropylbenzene, in the pres-
ence of N-lithioethylenediamine, H 2NCH2CH2NHLi, 
catalyze the self-condensation of ethylenediamine 
to give bis (6. 2-2-imidazolinyl), hydrogen, and am-
monia. In the presence of N-sodioethylenediamine, 
H 2NCH2CH2NHNa, a similar reaction occurs and in 
addition yields an unidentified compound, CoHsN4• 
Stilbene with N-lithioethylenediamine gives bis 
(.a.2-2-imidazolinyl), toluene, and 1.2-diphenylethane ; 
under the same conditions, 1,2-diphenylethane is 
unchanged. 
OP 652. Reggel, Leslie, Milton Orchin, and R. A. 
Friedel. Synthesis and Ultraviolet SpE:lctra of 1-
Methyl- and 1-Phenyl-2- (1' -Naphthyl) -Naphthalene. 
J. Chem. and Eng. Data, v. 8, No.2, April 1963, 
p. 279. Describes the synthesis of the two poly-
cyclic aromatic hydrocarbons named in the title. 
Their ultra violet absorption spectra are recorded. 
OP 653. Reggel, Leslie, R. Raymond, W. A. Steiner, 
R. A. Friedel, and Irving Wender. Reduction of Coal 
by Lithium-Ethylenediamine. Studies on a Series 
of Vitrains. Fuel, v. 40, September 1961, pp. 339-
356. .A. series of vitrains, ranging in maf carbon 
content from 67.9 to 93.1 percent, and a graphite 
were reduced with lithium-ethylenediamine. The 
reduction led to the addition of hydrogen, water, 
and ethylenediamine to the vitrain. The amount 
of hydrogen added was highest for a vitrain of 90 
percent carbon, which added as much as 55 atoms 
of hydrogen per 100 carbon atoms. More than half 
of the carbon atoms in this vitrain appeared to be 
involved in carbon-carbon double bonds. The hy-
drogen added increased with decreasing sample 
size. The reduced vitrains were more soluble in 
pyridine than the starting materials; however, 
pyridine solubility did not parallel the extent of 
hydrogen addition. The reduced vitrains showed 
changes in their infrared and ultraviolet spectra 
consistent with addition of hydrogen and reduction 
of aromatic. rings and contained fewer free radicals 
than the sta'rting vitrains. 
OP 654. Reggel, Leslie, Heinz W. Sternberg, and Irv-
ing Wender. Reductive Dimerization of Naphtha-
lene by Sodium-Ethylamine. Nature, v. 190, No. 
4770, Apr. 1, 1961, pp. 81-82. Because of the 
authors' interest in the reduction of organic com-
I?ounds and of coal by metal-amine systems, they 
have reinvestigated the naphthalene-sodium-ethyl-
amine reaction. The so-called polymeric material 
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has been identified as a stereoisomer of 1,2,3,4, 
l' ,2' ,3' ,4' -octahydro-2, 2'-dinaphythyl. 
OP 655. Reggel, Leslie, I. Wender, and R. Raymond. 
Catalytic Dehydrogenation of Coal II-Reversi-
bility of the Dehydrogenation and Reduction of 
Coal. Fuel, v. 43, No.3, :May 1964, pp. 229-233. 
Discusses in detail the "reversibility" of the reduc-
tion of coal(lithium-ethylenediamine at 110° 0) 
and of the dehydrogenation of coal (palladium as 
catalyst and phenanthridine as vehicle at 3470 C). 
OP 656. ---. Reduction of Coal by Lithium.-
ethylenediamine. A Re-evaluation of Previous 
Data (letter to the editor), Fuel, v. 43, No.1, 
January 1964, pp. 75-77. Experimental data previ-
ously reported {)n the lithium-ethylenediamine re-
duction of a series of vitrains is re-evaluated in 
regard to another method of calculation which has 
recently appeared in the literature .. The two meth- . 
ods of calculation are compared and discussed. 
OP 656A. Reno, Horace T. Iron Ore Exploration 
and Exploitation on a Large Scale. United Nations 
Interregional Symposium on the Application of 
Modern Technical Practices in the Iron and Steel 
Industry to Developing Countries. Nov. 11-26, 
1963, Tech. Paper A.3, 26 pp. Describes iron min-
ing on a large scale as exemplified by mining 
practices on the :Mesabi range, lVlinnesota, which 
has been the principal source of iron ore in the 
United States for more than 60 years. Experience 
in exploiting the Mesabi range iron ores has shown 
that 5 to 10 years elapse between first interest in 
an iron resources and construction of a plant to 
exploit it on a large scale. Careful planning, 
:flexibility in adopting new equipment and methods, 
a high-quality product, concern for employee well· 
being, and favorable Government policy are among 
the element leading to successful exploitation of an 
iron ore depqsit. Tac{)nite rock, which has been 
mined commercially only since 1955, is supplanting 
residual deposits of enriched ore as the major 
source of iron. 
OP 657. Repley, D. L., J. M., Clingenpeel,and R. W. 
. Hurn. Continuous Determination of Nitrogen 
Oxides in Air and Exhaust Gases. Internat. J. 
Air and Water Pollution, v. 8, September 1964, pp. 
455-463. A solid chemical oxidant has been de-
veloped to convert nitric oxide to nitrogen dioxide 
in a continuous process for the determination of 
NO in auto exhaust gases. 
OP 658. Richards, Russell L. Evaporite Resources 
of Pakistan. Symposium on Industrial Rocks and 
Minerals, Lahore, Pakistan, December 1962, Central 
Treaty Organization, pp. 267-274. Describes modes 
of occurrence, methods of exploitation, and futUre 
potential of a number of soluble salts which OCCllr 
naturally in Pakistan. These include common salt, 
sodium carbonate, sodium nitrate, potassium salts, 
borax, trona, gypsum, and others. 
OP 659. Richmond, J. K., J. Grumer, andD. S. 
Burgess. TUrbulent Burning' Velocities or Core-
Zone Flames. 8th Symp. (Internat.) on Com-
bustion. The Williams & Wilkins Co., Baltimore, 
Md., 1962, pp. 534-542. Gives data on measuring 
the local luminosities of a turbulent and a laminar 
:flame of identical compositions. 
OP 660. Riggs, C. H., R. V. Huff, and D. C. Ward. 
Potentialities of the Lansing-Kansas City Forma-
tion, Hall-Gurney Field, Russell County, Kans. 
Producers Monthly, v. 24, No.7, May 1960, pp. 
18-25. Emphasizes secondary-recovery potentiali-
ties of the Lansing-Kansas City formation and 
thus encourages a wider application of improved 
oil-recovery methods. This information is the 
most prolific of several oil-producing formations in 
the Hall-Gurney field. 
Articles Publtshed 
OP 661. Robinson, "V. E., and J. J. Cummins. 
Composition of Low-Temperature Thermal Extracts 
From Colorado Oil Shale. J. Chern. and Eng. 
Data, v. 5, No.1, January 1960, pp. 74-80. Shows 
that the composition of the extracts depended upon 
the time and temperature of extraction. At a 
constant time of extraction, the wax and pentane-
insoluble material increased, the percentage of 
resins decreased with an increase in the tempera-
ture of extraction, and the percentage of oil re-
mained nearly constant. At a constant temperature 
of extraction (350° C), the percentage of pentane-
insoluble material decreased, whereas the oil, wax, 
and resin content increased with an increase in 
the extraction period. 
OP 662. Robinson, W. E., and D. L. Lawlor. Con-
stitution of Hydrocarbon-Like Materials Derived 
From Kerogen Oxidation Products. Fuel, v. 40, 
September 1961, pp. 375-388. The organic acids 
present in a Oolorado oil-shale oxidation product 
were characterized. This was accomplished by 
reducing the acids to hydrocarbons and fractionat-
ing the resultisg material. Data from this study 
indicated that the oxidation product contained 
n-paraffinic, isoparaffinic, aromatic, naphthenic, and 
heterocyclic acids. The latter two types pre-
dominated, suggesting that Colorado oil-shale 
kerogen contains mostly alicyclic and heterocyclic 
structures with smaller amounts of straight-chain 
and aromatic constituents. 
OP 663. RodrigDtlez, Ernest R. Possibilities of 
Greater Use of Rock Bolting in Tunnels. Proc. 
·OonstructionEng. Conf., 1960, pp. 110-119. Sum-
marizes results achieved in mining with this 
method of rock support and the relatively limited 
use in tunneling to point out that greater use of 
-bolting could be made in tunnels. Discusses eco-
nomic advantage of use of this method of support 
in place of conventional methods; also discusses 
critical factors in rock bolting to emphasize the 
need for anchorage testing, proper design, sys-
tematic installation, and close surveillance. 
OP 664. Rogoff, Martin H. Ohemistry of Oxidation 
of Polycyclic Aromatic Hydrocarbons by Soil 
Pseudomonads. J. Bacteriology, v. 83, No.5, May 
1962, pp. 998-1004. The general metabolic path-
ways by which polynuclear aromatic hydrocarbons 
undergo bacterial degradation have been studied. 
Intermediates in these oxidations have been 
isolated. 
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OP 665. Oxidation of Aromatic Compounds 
by Bacteria. Ch. in Advances in Applied Micro-
biology, ed. by W. W. Umbreit. Academic .Press, 
New York, v. 3, 1961, pp. 193-221. The material 
dealt with in this chapter is concerned with cen-
tral paths and means by which bacterial enzymes 
manipulate and cleave the aromatic ring with the 
formation of hydroxylated aromatic intermediates, 
and the fUrther cleavage of these hydroxylated 
compounds to aliphatic intermediates which, at 
some stage, can enter the main terminal respiratory 
cycles of the cell. 
OP 666. ---a The Role of Microbiological 
Processes in the Formation of Peat and Their 
Relationship to Coal Genesis. Abs. in Bull. Geol. 
Soc. America, v. 70, No. 12, Dec(tmber 1959, pp. 
1663-1664. Discusses micro:flora of peat and their 
variations in accord with conditions of acidity and 
alkalinity and availability of nitrogen and oxygen, 
resulting in variations in the peat formed. Postu-
lates that anaerobic processes are responsible for 
the formation of high-rank coals and aerobic 
oxidate processes produce lignite and brown coals. 
OP 667. Rogoff, Martin H., and Irving Wender. 
Biologically Active Materials in Coal. Nature, v. 
192, No. 4800, Oct. 28, 1961, pp. 378-379. Gives 
Articles Publi..shedJ 
results obtained when an acetone extract from a 
high-volatile sUbbituminous B coal was distilled 
and separated into its acidic, phenolic, basic, and 
neutral components, and .each component was tested 
in nutrient uroth against BacUlu8 8ubtiUs. The 
original acetone extract and samples obtained at 
the various concentration stages were analyzed 
by mass spectrometry and also examined in the 
ultra violet. 
OP 66B. Romans, P. A. A Method for Grinding 
Silver Chloride. Appl. Spectroscopy, v. 16, No.3, 
May-June 1962, p. 113. Describes a method of 
pulverizing sHver chloride for use as a spectro-
graphic carrier. Pulverizing is done at liquid 
nitrogen temperature. 
OP 669. Rough, Robert L., and William E. Eckard. 
Results of Hydraulic Fracturing in Shallow Oil 
Sands, "Warren County, Pa. Producers Monthly, 
v. 27, No.8, August 1063, pp. 9-15. Describes the 
history, geology, and reservoir rod\: characteristics 
and presents the results of hydraulically fracturing 
10 wells in the Glade sand near Sugar Grove, Pa. 
OP 670. Rough, Robert L., and G. E. Rennick. Glass 
Pip,=,s Used to Study Vertical Flow of Air-Oil 
IVlixtures. Producers Monthly, v. 24, No. 13, 
November 1960, pp. 22-25. Introduces project ini-
tiated to investigate the two-phase flow of air-oil 
mixtures in vertical pipes. The study is limited 
to stt'ady-state flow conditions at laboratory scale I 
to evaluate design factors for siphon-type flow-
strings. The laboratory air-life model well with 
siphon-type flowstrings is described. The operation 
of the unit and the measuremE'nt of air and oil 
presfmre-volume-temperature values are outlined. 
OP 671. Russell, Paul L. Final Report-Pre- and 
Post-Shot Mine Survey. U.S. Atomic Energy Com-
misSion, Plowshare Program, Project Gnome, Carls-
bad, N. Mex., Dec. 10, 1961, PNE-134-F, 1962, 38 
pp. Covers a program to measure and asseSFl 
damage, if such should occur, in the six potash 
mines located within 30 miles of the detonation 
point. Results of all tests were negative, and no 
indication of dnmage at· any of the potash mines 
was not€'d. Project Gnome. a pInt of Plowshare. 
the Atomic Energy Commis~ion's program for 
peaceful employment of nuclenr energy, was an 
exppriment involving the detonation of a 5-kiloton 
nllclf>flr device in the salt beds of Eddy County, 
N. M€'x. 
OP fl72. S:1nner, W. S.. R. E. McKeever, J. W. 
Ef'kf'rd .. Renf'b-SC'nle Experiments in Develoning 
Anthrflcit€' Metnl1urgkal Rriqu€'ts. Proc. Blast 
FUrnace, Coke Ov€'n and Raw Materials Oomm., 
v. 20. 1!)()1, pp. 51)-86. Reports on bench-scale 
experim€'nts to det€'rmine the combinntion of raw 
ml1teri:11s, briqlH'tting preSfmres, and calcining 
temperntures required to prodnce briqu€'ts most 
resistant to impact and abrasion. Briquf'ts pre-
par€'d in the laboratory at pressures of 3.000 psi, 
containing 8 percent coal-tar pitch, 10 percent 
bituminous coal, 82 percent anthracite, and cal-
cined at 1,750° F were superior to premium fUrnace 
and . foundry cokE'S in resistance to impact and 
abrasion, as determined by the ASTM Tumbler 
Test for Coke. 
OP 6i3. Schlain, David, Oharles B. Kenahan, and 
Walter L. Acherman. Corrosion Behavior of 
High-Purity Vanadium. Corrosion, v. 16, No.2, 
Feuru<lry 1960, pp. 70t-72t. Presents results of 
comparative studies of the corrosion of ductile 
vanndiumobtained from several sources. 
OP 674. ---. Corrosion Properties of High-
Purity Vanadium. J. Less-Common Metals. v. 3, 
December 1961, pp. 4~8-:l:67. Discusses reRults of 
work on the chemical and galvanic corrosion 
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properties of the metal in various corrodents at 
35° and 60° C. . 
OP 675. Schlesinger, M. D., S. Nazaruk, and L. 
Reggel. Laboratory Oylinder-Mill for Small Sam-
ples. J. Chem. Educ., v. 40, October 1963, p. 546. 
Describes a small mill designed by the Bureau's 
staff to grind small quantities of solid with the 
advantage of easy recovery. The mill is a rotating 
thin cylinder in which small rolling cylinders are 
in contact, causing a differential grinding action. 
OP 676. Schrecengost, H. A. Safety Factors As-
sociated With Thermal Coal Drying. Min. Congo 
J., v. 49, No.7, July 1963, pp. 28-32. Discusses the 
hazards associated with thermal drying of coal 
and lists the safety factors to be considered relative 
to design, installation, and operation of fluidized-
bed dryers. 
OP 677. Schwaneke, A. E., and J. W. Jensen. 
Magnetic Susceptibility and Internal Friction of 
Tetragonal lVIanganese-Copper Alloys Containing 
70 percent Manganese. J. Appl. Phys., v. 33, No.3, 
supp., March 1962, pp. 1350-1351. Presents rela-
tionships of structure, magnetic susceptibility, in-
ternal friction, and Young's modulus for an alloy 
containing 70 percent manganese and 30 percent 
copper. 
OP 678. Schwartz, C. H., S. A., Goldberg, and A. 
A. Orning. The Use of Visible Light Models for 
the Study of Radiant Heat Transfer in Furnaces. 
Trans. ASME, v. 84, No. A, October 1962, PP. 358-
364. Describes an apparatus for the study of 
radiant hea t transfer in furnaces by means of 
models using visible light. Flame radiation was 
simulated by miniature lamps, and strips coated 
with high-reflectance paint represented partial 
wall reflection. Tests with models of gas-fired and 
pulverized-coal-fired furnaces showed the useful-
ness of the models in the study of such variahl,=,s 
as flame position, furnace geometry, and reduction 
of h€'at transfer by aRIl and slag depositl'l. 
OP 679. Schwarhr.. Frank G., Marvin L.· Whisman, 
Charles S. Allhright, Barton H. Ecclf'Rton, ann C. 
C. Ward. Tritium as a Tra('er in Motor Gasoline 
Stability Stnoif'R. Abs. in Vapor Pressure, V. 30, 
No.3, March 1960, p. 70. 
OP 680. Scollon, T. Reed. Coal Resource Activi-
ties of the Bureau of Mines. Proc. Illinois Coal 
Min. Inst., 71st year, 1963, pp. 34-44. Dis<'llsRes 
coal resources program of the Bureau of Mines. 
Shows Illinois res~rves and prodlwtion and relates 
thf'm to total r€'Sf'fVe!'l and produetion in the 
United States. Summarizes trends in the price of 
coal and coal trlmRportntion CORtS. Gives an ex-
ample of the work the Bureau is doing to promote 
coal exports. 
OP 681. ---. Coal Supply nnd nf'mand in the 
Nation's Energy Market. M€'chanization, v. 25, 
No. 12, December 1061. pp. 39-44. Pres€'nts proj-
ections for coal d€'mnnd and Rupply bflRf'd on an 
evaluation of selerted prof€'ssional estimnt€'s of 
future demands for ele(·tric power, steel, and 
products of other industrif'S. A demand estimate 
of apPfoximat€'ly 670 million tons of coal is 
indi('nted for 1975. 
OP 682. ---. Disc. of "Charactf'ristics of 
AnRtralinn ConlR nnd Th('ir Influence on the Pat-
tern of Coal Utilization" hy H. R. Rrown and P. 
L. Waters. Trans. 6th World Power Conf., :Mel-
bonrne, Australia, Oct. 20-27, 1962, v. 12, pp. 
4643-4644. Compares American and Australian 
coal utilization experience. 
OP 683. ---. Hydraulic :Milling of Coal. Proc. 
56th Meeting Rocky Mountnin Coal Mining Inst., 
Glt'll\vood Springs, Colo., .June 26-29, pp. 46-48. 
States that the technologic feasibility of hydrau-
lically extracting coal from a face has been proved. 
Declares that tests in the near future should 
indicate whether such a method of extraction will 
have widespread application. 
OP 684. Scollon, T. Reed. Panel Discussion-Gov-
ernmental Actions Affecting Energy Resources. 
Proc. Pirst Energy Institute, June 26-July 1, 11:)60. 
Sponsored by the School of Business Administration, 
American Univ., Washington, D.O., 1960, pp. 159-165. 
OP 685. ---. Le prix du charbon americain 
[Price Trends of United States Coal]. In The 
Price of Energy in the Next Ten Years. Seminar 
of the Economic and Legal Institute of Energy, 
University of Grenoble, Mar. 25, 1963. Mouton & 
00., Paris and The Hague, v. 2, 1964, pp. 20-37. 
Discusses the price trends of the U.S. coal in-
dustry, including the effects of production costs, 
competition with other fuels, mechanization of 
underground and open-pit mines, employment, 
wages, exports, and coal reserves. 
OP 6H5A. ---.. Trends in Utilization of Energy 
Resources in the United States. 6th World Power 
Oonf., Melbourne, Australia, Oct. 20-27, 1062, v. 1, 
pp. 264-290. Delineates the changes in utilization 
of energy resources in the United States during 
the period 1955-60 and projects the utilization of 
these resources· in 1965, 1970, and 1980. In 19fil) 
coal supplied about 23 percent of total energy con-
sumption ; petroleum, almost 45 percent; and 
natural gas, about 30 percent. Water power 
sUvplied slightly less than 4 percent. Nuclear 
power supplied a negligible amount of energy in 
1060, but its share is expected to increase in the 
next two decades. 
OP 686. S('o11on, T. Reed, Harry Perry, Earle P. 
Shoub, and J. P. McGee. Bureau of Mines Coal-
Fired Gas Turbine Research Project. Oombustion, 
v. 33, December 1061, pp. 2-4. Describes progress 
in the development of a coal-fired gas turbine 
capable of operating for the long periods of time 
required for central-station power generation. 
OP 687. Scott, D. W., W. T. Berg, and J. P. Mc-
Cullough. Ohemical Thermodynamic Properties 
of Methylcyclopentane and 1-cis-3-Dimethylcyclo-
pentane. J. Phys. Ohem., v. 64, 1960, pp. 906-908. 
Calculates thermodynamic functions for methyl-
cyclopentane by methods of s~atistical mechanics 
and for 1-cis-3-dimethylciclopentane by a refined 
method of increments. Also determines values of 
the hellt, free E'nE'rgy, and equilibrium constant of 
formn tion for both substances. 
OP 688. Scott, D. W., D. R. Douslin, H. L. Finke, 
W. N. Hnhbard, J. F. Messerly, 1. A. HossE'nlopp, 
and J. P. McOullough. 2-ME'thyl-2-Butanethiol: 
Ohemical Thermodynamic PropE'rties and Rotation 
IsomeriRm. J. Phys. Chem., v. 66. No.8, August 1962, 
pp. 1334-1341. RE'ports measured thermodynamic 
data for solid, liquid, and vapor states (12 0 to 
500 0 K). analysis of molE'rular spertra and data, 
and calculnted thermodynamic properties (0 0 to 
1.5000 K) for 2-mE'thyl-2-butanethiol. 
OP 689 .. ~('ott, D. \V., W. D. Good, G. B. Guthrie, 
S. S. Tofld. I. A. Hosspnlopp. A. G. Osborn, and J. 
P. l\fcOullou,gh. Ohe111iral Thermodynamic Proper-
tiE'fl I1nd IntE'rnal Rotation of l\fethylpyridines. II. 
3":\Tethylpyrirline. J. PhYfl. Chem., v. 67, No.2, 
FE'hrllfl ry HH13, pp. 6Rn-fi89. Thermodynamic 
propE'rtiE'fl of R-methylpyridine were measured and 
the rE'fllllts WE're correlnted by 11f~e of spectral and 
mole('ulnr-Rtl'l1ctnre data to ohtnin values of the 
chpmi('l1l thf'rmndvnnmic propE'rties in the ideal 
gas state (0 0 to 1.000 0 K). Internal rotation of 
the methyl group W::IS fOl1nd to be free or nearly so. 
OP 600. ~('ott. D. W .• W. D. Good, S. S. Todd, J. 
F. l\fesserly, W. T. Berg, I. A. Hossenlopp, J. L. 
J,lH'inn. Ann nflhnrn. ::Ind .T. P. M('Cllllough. 
3,3-Dymethyl-2-Thiabutane: Ohemical Thermody-
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namic Properties and Barriers to Internal Rotation. 
J. Phys. Ohem., v. 36, No.2, February 1962, pp. 
406-411. Ohemical thermodynamic properties in 
the solid, liquid, and vapor states (OV-1,000° K) 
were determined by experimentation and calcula-
tion. Barriers to internal rotation were evaluated. 
OP 691. Scott, D. \V., G. B. Guthrie, J. F. Messerly, 
S. S. Todd, W. T. Berg, I. A. Hossenlopp, and J. 
P. McOullough. Toluene: Thermodynamic Proper-
ties,. Molecular Vibrations, and Internal Rotation. 
J. Phys. Chem., v. 66, No.5, May 1962, pp. 911-914. 
New experimental and theoretical stUdies of toluene 
led to definitive values of thermodynamic and molecu-
lar properties. 
OP 692. Scott, D. W., W. N. Hubbard, J. F. Mes-
serly, S. S. Todd, I. A. Hossenlopp, \V. D. Good, 
D. R. Douslin, and J. P. McOullough. Chemical 
Thermodynamic Properties and Internal Rotation 
of Methylpyridines I. 2-Methylpyridine. J. Phys. 
Ohem., v. 67, No.2, February 1963, pp. 680-685. 
Thermodynamic properties of 2-methylpyridine 
were measured, and the results were correlated 
by use of spectral and mOlecular-structure data to 
obtain values of the chemical thermodynamic 
properties in the ideal gas state (0 0 to 1,5000 K). 
Internal rotation of the methyl group was found 
to be free or nearly so. 
OP 693. Scott, D. W., and J. P. McOullough. Vi-
brational ASSignment and Force Oonstants of S8 
From a Normal Ooordinate Treatment. Jour. 
Molecular Spectroscopy.. v. 6, No.4, 1961, pp. 
372-376. Normal-coordinate calculations were 
made for the S8 molecule to improve earlier work 
that had not explicitly included torsional forces 
about S-S bonds. Inclusion of torsional forces led 
to a vibrational assignment that is consistent with 
the spectral and thermodynamic data for S8. 
OP 694. Scott, D. W., J. P. McOullough, and F. H. 
Kruse. Vibrational Assignment and Force Con-
stants of S8 From a Normal-Coordinate Treatmf'nt. 
J. Molecular Spectroscopy, v. 13, No.3, July 1064, 
pp. 313-320. Normal-coordinate calculations for 
the S8 molecule were revised by use of new far-
infrared spectral data and a more elaborate 
potential function. Digital computer methods were 
used. Representation of the observed frequencies 
required that the basic Urey-Bradley field be 
supplemented with an extra qnadratic cross-term 
between adjacent S-S bonds. The vibrational as-
signment based on the calculations is consistent 
with all well established features of the observed 
spectra. 
OP 695. Scott, D. W., J. F. Messerly, S. S. Todd, 
G. B. Guthrie, I. A. Hossenlopp, R. T. Moore, Ann 
Osborn, W. T. Berg, and J. P. McOullough. Hf'xa-
methyldisiloxane: Chemical Thermodynamic Prop-
erties and Internal Rotation About the Siloxnne. 
J. Phys. Chem., v. 65, No.8, August 1961, pp. 1320-
1326. Thermodynamic, spectroscopic, and molecular 
structure data were used to show that internal 
rotation about an Si-O hond in hexamethyldisiloxane 
is free or nearly so. Thermodynamic funrtions for 
hexamethyldisiloxnne in the ideal gas state WE're 
calcnlnted. Experimental studies providE'd: Values 
of heat capacity for the solid. the liquid, and thg 
vapor; the triple-point temperatnre; the hE'nt of 
fU!'1ion; thermodynamic fnnctions for the solid :md 
liquid (0 0 to 375 0 K) ; heat of vaporization (332 0 
to 412 0 K); parametE'rs of the equation of Rtnte; 
and vapor pressure (309 0 to 412 0 K). Tllermo-
dynamic fnn('tions also WE're ca]('ulated for the 
related suhstan('e, tetramethylRilane. 
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OP 606. Scott. D. W., J. F. l\Il?sl"1erly, S. S. Todd, 
I. A. Hossenlopp, D. R. Douslin. and .T. P. Mc-
Culough. 4-Fluorotoluene: ChE'mi('al Thprmo(ly-
namic Properties, Vibrational Assignment, and In-
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ternal Rotation. J. Ohem. Phys., v. 37, No.4, 
August 1962, pp. 867-873. Oalorimetric and vapor-
pressure data are used to obtain complete tables of 
thermodynamic properties, a vibrational assign-
ment, and the barrier to internal rotation for 
4-fluorotoluene. 
OP 697. Scott, D. W., J. F. Messerly, S. S. Todd, 
1. A. Hossenlopp, Ann Osborn, and J. P. Mc-
Oullough. 1,2-Di:fluorobenzene: Ohemical Thermo-
dynamic Properties and Vibrational Assignment. 
J. Ohern. Phys., v. 38, No.2, January 1963, pp. 
532-539. Gives correlation of experimental thermo-
dynamic data for 1,2-di:fluorobenzene and a vi-
brational assignD;lent by methods of statistical 
mechanics to derive thermodynamic properties for 
the solid, liquid, and gas from 0° to 1,500° K. 
OP 698. Shale, O. O. Bureau of Mines High-Tem-
perature Electrostatic Precipitator. Oombustion, v. 
35, No. 10, April 1964, pp. 42-44. Describes the 
first semicommercial-size electrostatic precipitator 
ever designed for operation at high temperature 
and high pressure, which is now being installed at 
the Bureau of Mines Morgantown Ooal Research 
Oenter. Describes a system devised for evaluating 
the effectiveness of the precipitator for removing 
dust from hot oressurized gas. The power pack 
is equipped to permit investigation of the effective-
ness of positive and negative corona for cleaning 
hot gas. 
OP 699. Shale, C. 0., and A. S. Moore. Precipi-
tators in New Operating Range. Oombustion, v. 32, 
No.6, December 1960, pp. 42-43. Presents a study 
on the operating practicability of an electrostatic 
precipitator for removing :fly ash from gas at 
temperatures and pressures up to 1,5000 F and 100 
psig, respectively, in conjunction with development 
of coal-fired gas turbine. Preliminary results show 
upwards of 98 percent removal efficiency at all 
pressure levels to 80 psig and temperatures through 
1.200° F. Ash used in these tests was 90 to 95 per-
c~mt less than 10 microns. _ 
OP 700. Sharkey, A. G., Jr. Mass Spectrometric 
Analysis Using Low Ionizing Voltage. Encyclope-
dia of Spectroscopy, ed. by G. L. Olark. Reinhold 
Pub. 00., New York, 1960, pp. 607-613. Discusses 
briefly the basic limitations of mass spectrometry 
including resolving power, vapor pressure and 
stability of the sample, and spectral interferences. 
Presents the basis of the low-ionizing-voltage meth-
od- and tells how the use of this method circum-
vents the limitation of spectral interferences. 
Describes techniques for operating mass spectrom-
eters at low-ionizing voltages and calibrated data 
for eight types of phenolic structures. Discusses 
the application of the method to neutral and tar 
acid fractions. 
OP 701. Sharll:ey. A. G. Jr., Janet L. Shultz, and 
R. A. Friedel. Application of Low-Ionizing Voltage 
Spectrometry to Oils Derived From Ooal. Fuel, 
v. 41, No.4, July 1962. pp. 359-371. Gives data on 
carbon number distribution obtained by low-ioniz-
ing voltage mass spectrometry for four high-
boiling tar acid fractions and three neutral oils 
(maximum bp, 280 0 0) from coal. Oompound types 
having up to 22 carbon atoms were determined. 
Similar analyses cannot be performed by any other 
analytical technique. Oalibration data were ob-
tained at low-ionizing voltage for the major 
phenolic types. 
OP 702. ---. Oomparison of the Mass Spectra 
of Extracts and Vacuum Pyrolysis Products From 
Ooal. Fuel, v. 40, No.5, September 1961, pp. 423-
426. Mass spectra - of a vacuum pyrolysis con-
densate and a methanol-benzene extract of coal 
indicate that the materials contain similar major 
constituents. Quantitative analyses were carried 
out based on structural types found in coal car-
bonization products. Oarbon number distribution 
data -were obtained by mass spectrometry using 
low-ionizing voltage techniques. 
OP 703. Sharkey, A. G., Jr., Janet L. Shultz, and 
R. A. Friedel. Oomparison of Mass Spectrometric 
and Gas Ohromatographic Analyses of High-Boiling 
Oils From Ooal. Proc. ASTM Committee E-14 
on Mass Spectrometry, San Francisco, Oalif., May 
19-24, 1963, pp. 277-238. Naphthalene and an-
thracene oils from coal were analyzed by high-
temperature mass spectrometry. These samples 
were previously analyzed by 13 European labo-
ratories· as part of a cooperative test program in-
vestigating the analysis of high-boiling oils. 
Oarbon number distribution data were obtained 
by mass spectrometry for structural types con-
ta.ining from 8 to 24 carbon atoms. For the 
majority of the structural types good agreement is 
shown between gas chromatographic and mass 
spectrometric results. 
OP 704. ---. Gases From Flash and Laser 
Irradiation of Ooal. Nature, v. 202, No. 4936, June 
6. 1964, pp. 988-989. Investigates gases from the 
flash and laser irradiation of Pittsburgh seam 
(hvab) coal to determine the action of high tem-
peratures on coal. Temperatures in excess of 
1,0000 0 were reached with both types of irradi-
ation, possibly as high as several thousand degrees 
centigrade with light from the laser source. 
Gaseous products from the laser and flash irradi-
ations showed 21 percent and 8 percent acetylene, 
respectively. Diacetylene, vinylacetylene, and 
other products to molecular weight 130 were in-
dicated in the mass spectrum of gas from the 
laser study. The results indicate that flash and 
laser irradiations of coal produce a different distri-
bution of gases from that of high-temperature 
carbonization. 
OP 705. ---. - Mass Spectrometric Determina-
tion of the Ratio of Branched to Normal Hydro-
carbons Up To Oil8 in Fischer-Tropsch Product. 
Anal. Ohem., v. 34, June 1962, pp. 826-830. De-
scribes a method for the determination of carbon 
number distribution and ratio of branched to 
normal paraffins in mixtures consisting primarily 
of saturated hydrocarbons. 
OP 706. ---. Mass Spectrometric Investigations 
of Thermally Treated Extracts From Ooal. Proc. 
Meeting ASTM Oomm. E-14 on Mass Spectrometry, 
New Orleans, La., June 3-8, 1962. Gives results 
-of a study of pyridine extracts by mass spectrometric 
techniques. Materials extractable at room tempera-
ture from Pittsburgh seam (hvab), Wyoming sub-
bituminous coal, -and North Dakota lignite were 
examined before and after heating for 4 hours at 
450 0 O. Ohanges were observed in the carbon num-
ber distribution for -several aeroma tic structures. 
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OP 707. Shaw, John F. Operations of a Mining 
Research Oenter. Min. Eng., v. 14, No.3, March 
1962, pp. 14-16. Describes some of the research 
done by the Bureau at its Denver (0010.) Mining 
Research Oenter in rock mechanics as applied to 
ground control and in engineering principles and 
mathematical techniques as applied to exploration, 
development, and operational problems in mining. 
OP 708. Shea, G. B., R. V. Higgins, and H. J. 
Lechtenberg. Decline and Forecast Studies Based 
on Performances of Selected Oalifornia Oilfields. 
J. Petrol. Technol., v. 16, No.9, September 1964, 
pp. 959-965. Gives results of a study of production-
decline curves of the oil producJd from 347 zones 
in Oalifornia reservoirs. Presents the results of a 
computer analysis of the composite effect of factors 
influencing the decline performance of 347 Oali-
fornia reservoirs which have been producing vir-
tually at the maximum rate for many years. 
OP 709. Shedd, E. S., and T. A. Henrie. Prepara-
tion of Stable Cerous Oxide (3d Rare Earth Coni.). 
Gordon And Breach, Science Publishers, Ltd., New 
York 1964, pp. 21-27. Studies pyrochemical reduc-
tion 'for preparing stable cerous oxide. Carbo-
thermic reduction was effective at 1,250° C at 1 
atmosphere absolute pressure. Carbon reduction in 
CO atmosphere was more effective in Jlrq.!iucing 
a stable product than carbon reduction III helium. 
Hydrogen reduction at temperatures below 1,400° C 
did not produce stable cerous oxide. 
OP 710. Shell, H. R., and E. J. Fox. Disc. of 
"Steam Distillation of Fluorine From Perchloric 
Acid Solutions of Aluminiferous Ores" by E. J. 
Fox and W. A. Jackson. Anal. Chem., v. 32, 
October 1960, pp. 1529-1530. 
OP 711. Shultz, J. F. A Small-Scale Recycle Pump. 
Ind. and Eng. Chem., v. 54, No.4, April 1962, pp. 
34-35. Describes a pump designed by the Bureau 
to be used in a system to study the kinetics of a 
catalytic reaction, the hydrogenation of carbon 
monoxide to methane on a nickel catalyst at 300 
psig. All of the component parts are commercially 
available. 
O:P 712. Shultz, J. F., L. J. E. Hofer, F. S. Karn, 
and R. B. Anderson. Studies' of the Fischer-Tropsch 
Synthesis. Prepoisoning of Iron Catalysts by Sul-
fur Compounds. J. Phys. Chem., v. 66, March 
1962, pp. 501-506. Describes a method of pre-
poisoning the pretreated catalyst by immersing it 
in a solution of the sulfur compound in heptane 
prior to synthesis. 
OP 713. Shultz, J. F., F. S. Karn, and R. B. Ander-
son. Cylinders for Storing Sulfur-Containing Gases. 
Ind. and Eng. Chem., v. 54, May 1962, pp. 44-45. 
Shows by tests on three types of cylinders that the 
problem of storing sulfur-containing gas can be 
solved by using different materials for the cylinders 
and by removing carbonyls from the gas. 
OP 714. Shultz. J; F., F. S. Karn, R. B. Anderson, 
and L .. J. E. Hofer. A New Type of Catalyst-
Carbon-Expanded Iron. Fuel, v. 40, May 1961, pp. 
181-192. As a part of the Bureau of Mines investi-
gation of converting coal to oil" a new type' of 
Fischer-Tropsch and methanation catalyst-carbon-
expanded iron-has been developed. This material 
is a form of the carbon deposit that often com-
plicates the operation of the conventional catalyst. 
As observed by electron microscopy these deposits 
consist of nuclei of iron that are attached filaments, 
which consist chiefly of carbon but which may 
contain some finely dispersed iron. This paper 
presents data to prove that these deposits are 
catalytically active, but it is not certain which of 
these structural features are responsible for the 
catalytic activity. 
OP 715. Shultz, J. F., F. S. Karn, J. Bayer, and 
R. B. Anderson. Composition Changes of Massive 
Iron and Fused Iron Oxide Catalysts in the 
Fischer-Tropsch Synthesis. J. Catalysis, v. 2, No. 
3, June 1963, pp. 200-202. Gives determination of 
changes in composition and surface area of massive 
iron and fused iron oxide catalysts in the Fischer-
Tropsch synthesis. Massive iron catalysts remain 
in a reduced state during synthesis, but fused iron 
oxide catalysts oxidize extensively. 
OP 716. Silverman, Melvin P., and Henry L. 
Ehrlich. Microbial Formation and Degradation of 
Minerals. Advances in Applied Microbiology, 
Academic Press; New York. v. 6, 1964, pp. 153-206. 
Surveys the influence of microorganisms on the 
geochemical transformation of minerals. Reviews 
their contributions in the acid mine water problem. 
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in desulfurizing coal, and in recovering metals 
from low-grade ore. 
OP' 717. Silverman, Melvin P., Martin H. Rogoff, 
and Irving Wender. Bacterial Oxidation of Pyritic 
Materials in Coal. Appl. Microbiology, v. 9, No.6, 
November 1961, pp. 491-496. Cells of FerrobaoiUtt8 
terroo(JJidan8 accelerate the oxidation of coal 
pyrites. The rates of oxidation were increased 
by reducing the particle size of the pyritic samples. 
OP 718. ---. Removal of Pyritic Sulphur From 
Coal by Bacterial Action. Fuel, v. 42, No.2, 
March 1963, pp. 113-124. Gives data on the re-
moval of up to 80 percent of the pyrite in finely 
divided coal by bacterial action in 3 to 4 days. 
The relative ease of desulfurization was bituminous 
> sub bituminous > lignite. Pretreatment with 
acid increased the susceptibility of all ranks of 
coal to bacterial action. The action of ferric 
sulfate further increased the extent of bacterial 
desulfurization of acid-treated coals. 
OP 719. Singer, Joseph M. Ignitibility of Hybrid 
Coal Dust-Methane-Air by Hot Gas Jets: A Pre-
liminary Report. Pres. at 11th Internat. Coni. of 
Directors of Safety in Mines Res., Warsaw, Poland, 
Oct. 16-24, 1961, 15 pp. (preprint). Gives the 
results of study of addition of various amounts of 
coal dust to a methane-air mixture. 
OP 720. ---. Ignition of Mixtures of Coal Dust, 
Methane, and Air by Hot Laminar Nitrogen Jets. 
Ninth Internat. Symp. on Combustion. Academic 
Press, Inc., New York, 1963, pp. 407-414. Gives 
data on the ignition of hybrid coal dust-methane-
air mixtures by hot laminar gas jets. 
OP 721. Smith, Harold M. Effects of Small 
Amounts of Extraneous Materials on Properties 
of Petroleum, Petroleum Products, and Related 
Liquids. Symp. on Major Effects of Minor Con-
stituents on the Properties of Materials. ASTM 
Special Tech. Pub. 304, 1962, pp. 62-89. Considers 
the effect of materials such as asphaltenes, hydro-
carbons, sulfur and sulfUr compounds, nitrogen 
compounds, porphyrins, metals, antioxidants, anti-
knock compounds, gums, metals, various anions and 
cations in aqueous solution, detergents, bacteria, 
and water' when added to crude oil, gasoline, jet 
fuels, cracking stock, organic compounds (hydro-
carbons, sulfur and nitrogen compounds), and oil-
field waters. 
OP 722. ---. Hydrocarbon-Type Relationships 
of Eastern and Western Hemisphere High-Sulfur 
CrUde Oils. Proc. Second Symposium on the De-
velopment of the Petroleum Resources of Asia and 
the Far East, ECAFE, U.S. Contributions, Sep-
tember 1962, pp. 118-210. (Pub. as RI 6542.) Pre-
sents a comparison of high-SUlfur crudeoHs based on 
interpretations of Bureau of Mines routine crude-oil 
analyses in terms of common commercial products. 
Analytical interpretations are applied to a group of 
high-sulfur crude oils from the Near East, Texas, 
Colombia, California, and other locations, and the 
resultant data for gasoline, gas oils, lubricating 
oils, and asphalt are compared. Because, the Near 
East crude oils contain higher quantities of paraf-
fins in the gasoline and gas-oil ranges, they will 
yield good low~solvency solvents and kerosine, but 
the straight-run gasoline will be inferior to similar 
products from Texas and Venezuela high-sulfur 
oils. Near East oils should be good sources of 
lubricating stock but, when used as stock for 
catalytic cracking or reforming, they are deficient 
in naphthenes. 
OP 723. -, --. The Role of Sulfur and Nitrogen 
,Compounds in Organic Geochemistry. Proc. API, 
sec. 8, 1962, pp. 132-135. Lists a number of ways 
in which data on, sulfur, sulfur compounds, and 
porphyrins can assist geochemical studies. 
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OP 724. Smith, Harold lVI. Some Significant Facts 
Ooncerning the Composition of Petroleum. Proc. 
Oil Scientific Sessions, Budapest, Hungary, v. 2, Oct. 
8-12, 1962, pp. 474-512. Discusses crude oil 
variety in composition, gasoline variety in com-
position, variety in gasoline yield, paraffin-isoparaf-
fin relationships, aromatic content of gasolines, 
hydrocarbon interrelationships, isoprenoids, naph-
thenes, high-boiling aromatics, nonhydrocarbons, 
porphyrins, and metal contents. 
OP 725. Smith, Harold lVI., H. N. Dlmning, H. T. 
Rail, and J. S. Ball. Keys to the Mystery of Orude 
Oil. Proc. Am. Petrol. Inst., v. 39, 1959, pp. 433-
465. A study and evaluation of recent literature 
on the composition of crude oil to determine the 
extent and direction of the findings reported as 
they may contribute to further understanding of 
the origin of crude oil. The work of the American 
Petroleum Institute is particularly stressed. Re-
views current theories on the origin of petroleum, 
then considers studies on the following: nitrogen 
compounds, porphyrins, trace elements and sulfur 
compounds; hydrocarbons in the gasoline, middle 
distillate, and heavy-oil boiling ranges; olefins; 
aromatics; chromatography; and thermal diffusion. 
Pertinent facts from various papers in these fields 
are pointed out insofar as these facts may concern 
the origin of petroleum. 
OP 726. Smith, Jack, J. P. McGee, and L. L. Hirst. 
Ooal-Fired Gas Turbine Being Developed by Bureau 
of :Mines. Power Eng., v. 67, No.3, March 1963, 
pp. 35-38. Discusses the problems encountered in 
the development of the coal-fired gas turbine. 
OP 727. Smith, Jack, Richard Pill, and Donald O. 
Strimbeck. Temperature Drop Indicates Plug in 
Discharge of Ash Separator. Oombustion, v. 34, 
No.5, November 1962, pp. 30-32. Discusses a 
method for detecting plugged outlets in separators 
used to remove ash from combustion gases. 
OP 728. Smith, Jack, and Donald O. Strimbeck. 
Rotary Valve Transfers Ooal in System for Feeding 
a Gas Turbine. Oombustion, v. 33, No. 11, May 
1962, pp. 52-53. Describes the adaptation of a 
commercially available standard rotary valve and 
tests of its performance in transferring pulverized 
coal from the cyclone separator to a storage silo. 
OP 729. Smith, John Ward. StratigraphicOhange 
in Organic Oomposition Demonstrated by Oil 
Specific Gravity-Depth Oorrelation in Tertiary 
Green River Oil Shales of Oolorado. Bull. Am. Soc. 
Petrol. Geol., v. 47, No.5, May 1963, pp. 804-813. 
Demonstrates that organic matter in the Green 
River Formation changes with depth uniformly 
both geographically and stratigraphically in the 
Piceance Creek basin of Colorado. 
OP 730. Smith, John Ward, and L. Warren Higby. 
Preparation of Organic Concentrate From Green 
River Oil Shale. Anal. Chem., v. 32, November 
1960, p. 1718. Describes a method for concentrating 
the organic material in an unaltered state in 
quantities large enough to permit considerable 
study of the organic material directly. 
OP 731. Smith, John Ward, and Kenneth E. Stan-
field. Oil Yields and Properties of Green River 
Oil Shales in Uinta Basin. Utah. Guidebook to 
the Geology and Mineral Resources of the Uinta 
Basin. Intermountain Association of Petroleum 
Geologists. 1964, pp. 213-221. Evaluates oil-yield 
data collected on samples from the Green River 
Formation in the Uinta Basin. Discusses proper-
ties of the Uinta Basin's Mahogany-zone oil shales. 
OP 732. ---. Oil Yields of Devonian New 
Albany Shales, Kentucky. BUll. Am. Assoc. of 
Petrol. Geol., v. 48, No.5, May 1964, pp. 712-714. 
Gives data on oil yields of New Albany Shale from 
Rockcastle, Pulaski, and Adair Counties, Ky. 
OP 733. Smith, John Ward, Laurence G. Trudell, 
and Kenneth E. Stanfield. Drill Cutting Sampling 
for Oil Yields of Green River Oil Shales.Oolorado 
School of Mines Quart., v. 58, No.4, October 1963, 
pp. 113-127. Demonstrates that oil yields of the 
Green River Formation determined on mud drill 
cuttings represent the actual oil yield of the 
formation conservatively while those from gas 
cuttings are equivalent to actual formation yields. 
OP 734. Smith, John Ward, Neil B. Young, and 
Dale L. Lawlor. Direct Determination of SulfUr 
Forms in Green River Oil Shale. Anal. Ohem., v. 
36, No.3, March 1964, pp. 618-622. Develops and 
evaluates a new method for determining sulfur 
forms in Green River oil shale. 
OP 735. Smith, N. K., G. Gorin, W. D. Good, and 
J. P. McOullough. The Heats of Combustion, 
Sublimation, and Formation of Four Dihalobi-
phenyls. J. Phys. Chem., v. 68, No.4, April, 1964, 
pp. 940-946. Gives results of investigation of the 
structure and energetics of dihalobiphenyls by 
thermochemical methods. Heats of combustion of 
four dihalobiphenyls were determined by rotating-
bomb combustion calorimetry, and the vapor pres-
sure of each was measured by the Knudsen effusion 
technique. 
OP 736. Smith, N. K., D. W. Scott, and J. P. Mc-
Cullough. Oombustion Calorimetry of Organic 
Ohlorine Compounds. The Heat of Oombustion of 
2,3,5,6-Tetrachloro-p-xylene. J. Phys. Ohem., v. 
68, . No.4, April 1964, pp. 934-939. A rotating-bomb 
method was developed for precision combustion 
calorimetry of organic chlorine compounds. The 
heat of combustion of 2,3,5,6-tetrachloro-p-xylene 
was determined. Two reducing agents, hydrazine 
dihydrochloride and arsenious oxide, were used 
to reduce the free chlorine produced in the com-
bustion reaction to chloride ion. Arsenious oxide 
proved to be the superior reducing agent. 
OP 737. Smith, Robert W., Jr., and Edwin B. 
Oook. Oalculation of Thermodynamic Properties 
of Oombustion Gases With a Small Punchcard 
Electronic Oomputer. Ch. in Kinetics, Equilibria 
of High Temperature Systems. Butterworth & 
00., Ltd., London, 1961, pp. 161-165. Describes 
how a· small punchcard electronic computer is 
used. to solve problems normally reserved for a 
large or medium-size computer. Discusses prob-
lems dealing with the calculation of the thermo-
dynamic properties of combustion gases. 
OP 738. Sohns, Harold W. A Summary of Our-
rent Techniques for Processing Green River Oil 
Shale. Kuidebook to the Geology and Mineral Re-
sources of the Uinta Basin; Intermountain Asso-
ciation of Petroleum Geologists, 1964, pp. 223-225. 
Describes briefly the present state of oil-shale 
technology in the United States. 
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OP 739. Stahl, R. W. Are Coal-Mine Employees 
and Dollars Protected From Fire as Well as Other 
Industrial Employees and Dollars? Proc. 49th 
Conv., Mine Inspectors' Inst. of America, T"rre 
Haute, Ind., 1959, pp. 112-119; Min. Eng., v. 13, 
No.1, January 1961, pp. 174-177. Surveys fire pro-
tection afforded in the steel, rubber, chemical, 
aluminum, and other heavy industries compared 
with that afforded at coal mines. Oompares in-
vestment in fire-fighting equipment in these in-
dustries to the total capital investment. In addi-
tion, a small part of a plant is compared with a 
small part of a mine where activity is concentrated 
and investment is high to show the difference in 
value placed on the protection of the investment 
by the different industries. 
OP 740. ---. Blasting Stumps in Coal Mines. 
Proc. 52d Conv., Ooal Min. lnst. of America, 1962, 
pp. 75-78. Discusses good and poor pillar plans 
in mines and safe methods of blasting stumps. 
OP 741. Stahl, R. W. Practices in Controlling Roof 
at Intersections and Junctions. Mechanization, v. 
27, No.1, January 1963, pp. 41-45. Shows that 30 
percent of roof-fall accidents occur at intersections 
and junctions. Discusses special roof-control 
plans for these areas and sag-bolt test results. 
OP 742. Stecura, Stephen, and William J. Camp-
bell. Surface Contamination of La203 and Nd20 a 
by B20 2 : A Source of Error in X-Ray Diffractom-
etry. J. Am. Ceram. Soc., v. 47, No.9, 1964, p. 
468. Discusses the effect of surface contammation 
of samples of lanthanum oxide and neodymium 
oxide by boron oxide. Describes the problem and 
the methods used to identify the source of the 
contamination. 
OP 743. Stein, K. C., J. J. Feenan, G. P. Thompson, 
J. F. Shultz, L. J. E. Hofer, and R. B. Anderson. 
Catalytic Oxidation of Hydrocarbons. Ind. and 
Eng. Chem., v. 52, No.8, August 1960, pp. 671-674. 
Shows that catalysts based on oxides of cobalt, 
nickel, manganese, chromium, and iron appear to be 
good possibilities for the auto smog catalytic muf-
fler. 
OP 744. ---. The Oxidation of Hydrocarbons 
on Simple Oxide Catalysts. J. Air Pollution Con-
trol Assoc., v. 10, 1960, pp. 275-281. Microcatalytic 
reactor was used to assay effectiveness of variety 
of pure and supported metal oxides in oxidizing 
several hydrocarbons. 
OP745. Stepan, J. B. Promoting an Eye-Protec-
tion Program. Nat. Safety Council, Safety News-
letter, Min. Sec., October 1961. Discusses ways of 
promoting the use of safety glasses. 
OP 746. Sternberg, H. W., O. L. Delle Donne, L. 
Reggel, and I. Wender. Reduction of Coal by 
LithiUm-Ethylenediamine at Room Temperature. 
Fuel,' v. 43, No.2, March 1964, pp. 143-146. Dis-
cusses the reduction of four vitrains and a graphite 
with lithium in ethylenediamine at room tem-
perature. The pattern of hydrogen uptake was the 
same as that taken up at 900 to 1000 C. From 
the results of the hydrogenation of coronene, it ap-
pears that room temperature reduction of con-
densed aromatic systems can lead to products with 
isolated double bonds. 
OP 747. Sternberg, H. W., Raymond Markby and 
Irving Wender. Carboxylation of Diphenylacety-
lene With Ni(CO)4 in Alkaline Medium. J. Am. 
Chem. Soc., v. 82, 1960, pp. 3638-3640. Indicates 
that treatment of diphenylacetylene with a satu-
l'ated solution of NaOH in methanol in the pre-
ence of excess nickel carbonyl yields a-phenyl-tran8,. 
cinamic acid and 1,2,3,4-tetraphenylbutadiene. 
Shows that a nickel carbonyl anion, [Nia-(CO)s]_2, 
is formed; it is probably the source of carbon mon-
oxide in this reaction. 
OP 748. ---. Electrochemical Reduction of 
the Benzene Ring. J. Electrochem. Soc., v. 110, 
No.5, May 1963, pp. 425-429. Describes reduction 
of benzene and tetrahydronaphthalene (tetralin) 
achieved by electrolysis in ethyldiamene saturated 
with lithium chloride. This reduction could also 
be carried out with tetrabutylammonium iodide as 
the supporting electrolyte. 
OP 749. Stever, Keith R., and Howard H. Heady. 
Rare-Earths: X-Ray Spectrometry. Encyclopedia 
of X-Rays and Gamma Rays, ed. by G. L. Clark, 
Reinhold Publishing Co. New York, 1963, pp. 913-
915. Outlines X-ray fluorescence techniques for 
analyzing rare earths. Direct qualitative X-ray 
analysis of rare-earth minerals is feasible, but for 
quantitative determinations, prior chemical sep-
aration of the rare-earth group is necessary. 
Tabulated data show the most suitable X-ray 
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emISSIOn lines for determining the individual ele-
ments in a rare-earth oxide mixtUre. 
OP 750. Stever, Keith R., Joseph L. Johnson, and 
Howard H. Heady. X-Ray Fluorescence Analysis 
of Tungsten-Molybdenum Metals and Electrolytes. 
Advances in X-Ray Analysis, v. 4, 1961, pp. 474-
487. An X-ray fluorescence method is presented 
for the analysis of tungsten-molybdenum solu-
tions. The technique is also applied to the analy-
sis of tungsten and molybdenUm in fused saIts and 
to the determination of several other impurity 
elements in these metals. A double detector modi-
fication for the General Electric X-ray unit is 
described. Advantages in specific applications are 
discussed. 
OP 751. Stewart, Robert F., and W. T. Abel. The· 
Inhibition of Graphite Oxidation by Hydrogen. 
Proc. United States-United Kingdom Meeting on 
the Compatibility Problem of Gas-Cooled Reactors, 
Oak Ridge National LaboratorY. Tennessee. Feb. 
. 24-26, 1960. v. 2. AEC TID-7597. Mar. 3. 1961. 
pp. 586-596. While developing a heat exchanger to 
serve as a coal gaSifier utilizing nuclear-derived 
process heat, it was observed that trace impurities 
in the high-temperature recycle gas seriously dam-
aged structural materials, such as graphite and 
metal. Addition of small amounts of hydrogen to 
the recycle gas greatly retarded the oxidation of 
these materials. The rate of reaction of hydrogen 
with graphite is reported at temperatures to 2,8000 
F and partial pressures to 1 atmosphere. Pro-
vided the graphite. is more than one-half-inch 
thick, about. 0.5 pound of graphite is consumed per 
day per square foot exposed to hydrogen at 2,400° 
F. Experimental apparatus used in this work is 
described, and the results of applying this method 
of inhibiting the oxidation of graphite or metals 
in a recycle system operating at 2.400° F and 250 
psia are given. Substitution of the slow graphite-
hydrogen reaction for the relatively rapid. oxida-
tion reaction promises to extend the operating 
life of reactors and other process equipment. 
OP 752. Strimbeck, Donald C., David C. Sherren, 
Jack Smith, and Robert W. Cargill. Big Noise 
Subdued. Nat. Safety News, v. 90, No.2, August 
1964, pp. 24-27. Gives results of the tests of the 
sound-control and hearing-protection measures 
adopted by the Bureau for the coal-fired gas tur-
bine. This is the second of two articles. 
OP 753. Strimbeck, Donald C., Jack Smith, Robert 
W. Cargill, and J. P. McGee. Feeding Coal to a 
Gas Turbine. Combustion, v. 33, No.9, April 1962, 
pp. 40-44. Describes two coal-feeding systems for 
a coal-fired gas turbine, one containing small, non-
standard equipment designed· to fit into a locomo-
tive and the other including standard commercially 
available parts. 
OP 754. Stroud, Lowell, W. E. DeVaney, and John 
E. Miller. Multiple Liquid Phases in a Natural Gas 
System. Trans. Soc. Petrol. Eng. AIME, v. 222, 
pt. 2, 1961, pp. 137-141. Reviews the published 
literature on the occurrence of multiple equilibrium 
liquid phases and presents analytical data for the 
vapor and two equilibrium liquid phases of the 
liquefied natural gas at five experimental condi-
tions. In addition, data for 30 conditions of two-
phase equilibria are inclUded. 
OP 755. Stroud, Lowell, John E. Miller, and L. War-
ren Brandt. Compressibility of Helium at -100 
to 130 0 F. and Pressures to 4,000 p.s.i.a. J. Chem. 
and Eng. Data, v. 5, No.1, January 1960, pp. 51-52. 
Using a new experimental method, the compressi-
bility of helium was studied at seven temperatures 
from -100 to 1300 F and at pressures to 4,000 
psia. 
Articles Published 
OP 756. Sutton, Joseph A., and John D. Corrick. 
Microbial Leaching of Copper Minerals. Min. Eng., 
v. 15, No.6, June 1963, pp. 37-4D. Discusses Bu-
rea u study to determine if pure strains of bacteria 
Ferrobacillu8 jerroo{J]idans, Thiobacillus concreti-
vorus, and Thiobacillus jerroo{J]idans could utilize 
iron and sulfur occurring in sulfide minerals to 
produce appreciable quantities of ferric sulfate and 
sulfuric acid for dissolving copper and to develop 
the chemistry involved in the microbial oxidation of 
sulfide minerals. 
OP 757. Tenney, R. F., and J. W. Eckard. Per-
formance Characteristics of Small Industrial-Type 
Anthracite Stokers. Proc. Anthracite Conf., Penn-
sylvania· State Univ., Miner. Ind. Exp. Sta. Bull. 
75, 1961, pp. 39--62. Four anthracite-burning stok-
ersunder identical 74-horsepower boilers were 
tested in accordance with the ASME Test Code, 
and the heat efficiencies and other operating char-
acteristics were determined over a wide range of 
outputs. The daily performance of one of these 
stoker-boiler units was then determined while it 
was operated under auto'matic pressure control in 
building heating service for 4 months during the 
winter spring season. 
OP 758. Thatcher, John W., and William J. Camp-
bell. Evaluation of a Demountable X-Ray Tube 
Vacuum Spectrograph for the Determination of 
Low-Atomic-Number Elements. Advances in X-Ray 
Analysis (Proc. 12th Ann. Conr. on Applications 
of X-Ray Analysis). Plenum Press, New York, 
v. 7, 1964, pp. 512-522. Reviews the flUorescent 
excitation of long-wavelength X-ray spectra with 
respect to X-ray tube target element, inherent :fil-
tration, and optimum kilovoltage. A demountable 
X-ray tube vacuum spectrograph designed for the. 
determination of the light elements is described. 
Op8ration of this instrument with both secondary 
and combined primary-secondary excitation is eval-
uated. Examples from the literature are cited to 
show the feasibility of direct electron excitation of 
long-wavelength spectra. 
OP 759. Thomas, D. E., and E. T. Hayes (eds.). 
The Metallurgy of Hafnium. Naval Reactors, Div. 
of Reactor. Development, AEC, 1960, 384 pp. This 
book is based largely on the assembly and critical 
review of information on the development and 
fabrication work that was performed on hafnium 
to nermit its use in water-cooled reactor cores. 
OP 760. Thomas, Edward. Rock Stabilization 
Through Bolting. Second Protective Construction 
Symp., Santa Monica, Calif., Mar. 26. 1959, The 
Rand Corp., Santa Monica, Calif., 1959, v. 1, pp. 
149-168. Sumarlzes the uses of rock bolting in 
underground mines throughout the United States. 
Describes methods for successful use of bolts, type 
of anchor, correct patterning, and tension main-
tained between the anchorage point and the bolt 
head. 
OP 761. Thompson, C. J., H. J. Coleman, R. L. 
Hopkins, and H. T. RaIl. Identification of Alkyl 
Cycloalkyl.SulfIdes in Petroleum. J. Chem. and 
Eng. Data, v. 9, No.2, April 1964, pp. 293-296. 
Describes the tentative identification of five alkyl 
cycloalkyl sulfides in Wasson, Tex., crude oil. This 
represents the first known identification of this 
class of sulfur compounds in petroleum. 
OP 762. ---. Identification of Some Chain Sul-
fIdes in a Wasson, Texas, Crude Oil Distillate 
Boiling from 1110 to 1500 C. J. Chem. and Eng. 
Data, v. 9, No.3, July 1964, pp. 473-479. Describes 
a procedure for the concentration and identifica-
tion of sulfur compounds in petroleum. Applica-
tion of this procedure resulted in the identification 
of 22 chain sulfides. 
OP 763. Thompson, C. J., H. J. Coleman, R. L. 
Hopkins, C. C. Ward, and H. T Rall Identifica-
tion of Oxygen Compounds in Gas-Liquid Chroma-
tographic J!'ractions by .Catalytic Deoxygenation. 
Anal. Chem., v. 32, No. 13, December 1960, pp. 1762-
1765. Considers the catalytic desulfurization of 
components in gas-liquid chromatographic frac-
tions as applied to a few representative individuals 
of various oxygen compound classes. 
OP 764. Thompson, C. J., H. J. Coleman, C. C. 
Ward, and H. T. Rall Desulfurization as a Method 
of Identifying Sulfur Compounds Anal. Chem., 
v. 32, No.3, March 1960, pp. 424-430. Describes 
a micromethod developed for the catalytic re-
moval of sulfur from sulfUr compounds to yield 
hydrocarbons for which standard compounds are 
available. Presents data showing the desulfuriza-
tion . of typical members of the sulfur compound 
classes-alkane and cycloalkane thiols, alkane and 
cyclic sulfides, thiophenes, and benzothiophenes. 
OP 765. ---. Identification of Halogen Com-
pounds by Catalytic Dehalogenation. Anal. Chem., 
v. 34, No.1, January 1962, pp. 154-156. Describes 
a micromethod for rapidly and quantitatively re-
moving the halogen atoms from an organic mole-
cule, leaving a hydrocarbon. Identification of the 
hydrocarbon will characterize or aid in the char-
acterization of the halogen precursor. Method will 
handle samples as small as 0.0002 m!. 
OP 766. ---. Identification of Nitrogen Com-
pounds by Catalytic Denitrogenation. Anal. Chem., 
v. 34, No.1, January 1962, pp. 151-154. Describes 
a micromethod for rapidly and quantitatively re-
moving the nitrogen atom from organic nitrogen 
compounds to produce hydrocarbons. Identification 
of the produced hydrocarbon identifies or contributes 
to the identification of the nitrogen compound pre-
cursor. Presents data showing the application of 
this technique to pure compounds and to mixtures 
of nitrogen compounds of unknown composition. 
OP 767. Thompson, C. J.,and W. E. Haines. 
160 
Methods for the Determination of Sulfur-Based 
Functional Groups Containing No Elements Other 
Than Carbon, Hydrogen, and Sulfur. Handbook of 
Analytical Chemistry, ed. by G. Meites. McGraw-
Hill Book Company, Inc., New York, 1963, pp. 12-
150 through 12-155. Consists of a number of ta;bles 
pertaining to analytical methods for the determina-
tion of sulfllr groups containing only carbon, 
hydrogen, and sulfur. 
OP 768. Thompson, C. J., F. G. Mueller, H. J. 
Coleman, and H. T. RaIl. Continuous Sampling 
Device for Liquid Thermal Diffusion Separations. 
Ind. and Eng. Chem., v. 52, No.2, February 1960, 
pp. 53A-54A. Describes a continuous sampling 
device developed, tested, and used to separate se-
lected mixtures by liquid thermal diffusion. 
OP 769. Thorne, Harold M. Bureau of Mines Oil-
Shale Research. Colorado Sch. Mines Quart., v. 
59, No.3, July 1964, pp. 77-90. Discusses the Bu-
reau of Mines continUing research program which 
is intended. to encourage and ass~st private in-
dustry in the orderly development of the Nation's 
oil-shale resources by providing technical informa-
tion on oil-shale deposits, the characteristics and 
compositions of sbales and their products, and 
chemical reactions and conversion tecbniques in-
volved in producing useful fuels and byproducts. 
OP 770. Tiensuu, V. H., S. Ergun, and L. E. Alex-
ander. X-Ray Diffraction From Small Crystallites. 
J. Appl. Phys., v. 35, 1964, pp. 1718-1720. The 
classical crystallographic equations used in deduc-
ing structure from peak positions, peak widths, and 
integrated densities of X-ray scattering are facile 
enough, but they involve assumptions that are not· 
valid for extremely small crystallites. An alterna-
tive approach more generally valid is to use the 
Debye interference· function. These two different 
approaches have been compared, using as examples 
a diamond crystallite containing 3 unit cells on a 
side (--10.7 A) and one containing '10 unit cells 
on aside (,-,35 A). 
OP 771. Tisot, P. R. Properties of Green River 
Oil Shale, Determined From Nitrogen Adsorption 
and Desorption Isotherms. J. Chem. and Eng. 
Data, v. 7, No.3, July 1962, pp. 405-410. Presents 
information regarding particle size and particle-
size distribution of the mineral constituents; sur-
face area, pore structure and pore volume of both 
oil shale and its mineral constituents; the man-
ner in which the organic matter is distributed 
within oil shale; and an estimate of the amount 
of organic matter in direct contact with the min-
eral constituents. Work done in cooperation with 
University of Wyoming. 
OP 772. Tisot, P. R., and W. I. R. Murphy. Physi-' 
co chemical Properties of Green River Oil Shale: 
Particle Size and Particle-Size Distribution of In-
organic Constituents. J. Chem. and Eng. Data, 
v. 5, No.4, October 1960, pp. 558-562. Presents 
information relating to the particle size, particle-
size distribution, and size classification of the pri-
mary inorganic particles from oil shale taken at 
two different levels in the Selective mine, Rifle, 
Colo.; discusses procedure followed to remove the 
organic matter from the inorganic phase; includes 
photomicrographs of the larger primary inorganic 
particles. 
OP 773. Turnbull, Louis A, The Importance of 
a Central Mines Bureau in Fostering Development 
of Mineral Resources. U.S. Papers Prepared for 
the United Nations Conference on the Application 
of Science and Technology for the Benefit of the 
Less Developed Areas, Geneva, February 1963. Nat-
ural Resources: Minerals and Mining, Mapping 
and Geodetic Control, v. 2, 1963, pp. 23-31. Gives 
reasons for the necessity of a central mining bu-
reau, the objectives of a successful bureau, and 
the organization necessary to ensure efficient 
operation. 
OP 774. Utter, Stephen. Stress Determinations 
Around an Underground Mine Opening. Proc. 
Internat. Symp. on Mining Research, February 
1961, Pergamon Press, New York, v. 2, 1962, 
pp. 569-582. Presents results of strain relief 
measurements around a typical underground mine 
opening. Instrumentation consisted of electric 
resistance strain gage rosettes and a portable static 
strain indicator. 
OP 775. Van Dolah, R. W. Evaluating the Explo-
sive Character of Chemicals. Trans. Nat. Safety 
Cong., v. 5, 1959, pp. 5-12; Ind. and Eng. Chem., 
v. 53, No.7, July 1961, pp. 59A-62A. Discusses the 
chemicals that are actually explosives or those 
that are capable of a detonation reaction or a 
rapid, self-propagating decomposition or oxidation-
reduction reaction. Describes various tests for 
evaluating the explosives characteristics of chemi-
cal substances. 
OP 776. ---. Field-Mixed Ammonium Nitrate 
Blasting Agents. Nat. Safety Congo Trans., v. 4, 
1959, pp. 21-27. Discusses the development of 
field-mixed blasting agents typically based on 
fertilizer-grade prilled ammonium nitrate and rec-
ommends procedures for the safe utilization of 
these agents. 
OP 777. ---. Recommended Safe Practices for 
Field-Mixed Ammonium Nitrate Blasting Agents. 
In 5th Annual Symposium on Mining Research, 
Nov. 19-20, 1959, Univ. of Missouri School of 
Mines and Metallurgy Bull. 98, 1960, p. i48. Indi-
cates the information program conducted by the 
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Bureau of Mines as a result of its laboratory in-
vestigations on the sensitivity and detonation prop-
erties of blasting agents based on fertilizer-grade 
ammonium nitrate. 
OP 778. Van Dolah, R. W. Remarks at Ammonium 
Nitrate and Public Safety-Symposium. Proc. 53d 
Ann. Meeting, I:!'ire Marshals Assoc. of North Amer-
ica, Atlantic City, N .. J., 1959, pp. 9-11. Discusses the 
problems that are created when a fire starts in or 
near ammonium nitrate. 
OP 779. ---. Rev. of "Chemistry and Technol-
ogy of Explosives," by T. Urbanski. Science, v. 
145, No. 3637, Sept. 11, 1964, p. 1176. 
OP 780. Van Dolah, R. ·W., N. E. Hanna, and R. L. 
Grant. Relative Efficacy of Stemming Materials in 
Reducing Incendivity of Permissible Explosives. 
Pres. at 11th Internat. Conf. of Directors of Safety 
in Mines Res., Warsaw, Poland, Oct. 16-24, 1961, 
8 pp. (preprint). (Pub. as RI 5863.) Discusses 
relative efficacy of water and several other stem-
ming materials in reducing the incendivity of the 
gallery-cannon shot in firedamp. 
OP 781. Van Dolah, R. ·W., N. E. Hanna, E. J. 
Murphy, and G. H. Damon. Further Studies on 
Amonium Nitrate-Fuel Oil Compositions. In 5th 
Annual Symposium on Mining Research, Nov. 19-
20, 1959. Univ. of Missouri School of Mines and 
Metallurgy Bull. 98, 1960, pp. 90-101. This paper 
is the second resulting from a study of the deto-
nation products of ammonium nitrate-fuel oil com-
positions and especially the production of oxides 
of nitrogen. In the present investigation, fume 
production was observed in the laboratory (Craw-
shaw-Jones technique) and underground in a potash 
mine. It was found that dry, well-mixed oxygen-
balanced AN-FO mixtures, initiated by a strong 
primer, produce oxides of nitrogen in quantities 
comparable to certain commercial dynamites. How-
ever, the mixtures are· sensitive to variations in 
composition, moisture, and initiation which must 
be carefully controlled to prevent toxic fume 
hazards; 
OP 782. Van Dolah, R. W., E. J. Murphy, and N. 
E. Hanna. Fumes From Ammonium Nitrate-Hydro· 
carbon Mixtures. Ch. in Mining Research, ed. by 
George B. Clark. Pergamon Press, New York, 
1961, pp. 77-89. Gives data on the toxic fumes 
produced when AN-FO compositions were detonated 
under laboratory and field conditions simulating 
underground blasting. 
OP 783. Vogely, William A. Basic Minerals: Min-
eral Output to Rise Slightly. Chern. and Eng. 
News, v. 38, No. 36, Sept. 5, 1960, pp. 110-117. In 
September 1959 the chemical industry was still 
rebounding strongly from the 1958 recession. Busi-
ness has since continued on the upgrade, but many 
other problems-higher costs, keener competition, 
overcapacity, and others-have taken some of the 
sparkle off the recovery. This article presents a 
detailed look at what the industry is doing now 
and where it is likely to go in the months just 
ahead. 
161 
OP 784. Volk, William, and Lloyd H. Banning. 
Experimental Production of Steel From Hydrogen-
Reduced Iron Powder. Proc. Electric Furnace 
Coni., v. 20, AIME, 1962, pp. 418-433. Gives re-· 
suits of steelmaking tests conducted in a conven-
tional electric-arc furnace of 1-ton capacity to 
determine the feasibility of producing steel from 
hydrogen-reduced 'iron powder that had been 
produced from a high-grade hematite iron ore and 
from titaniferous furnace charges. Work done 
in cooperation with Hydrocarbon Research, Inc. 
OP 785. Waddington, Guy, J. C. Smith, K. D. 
Williamson, and D. W. Scott. Carbon Disulfide as a 
Reference Substance for Vapor-Flow Calorimetry; 
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the Chemical Thermodynamic Properties. J. Phys. 
Chem., . v. 66, June 1962, pp. 1074-1077. Reports 
measurements of heat of vaporization and vapor 
heat capacity for carbon dis}llfi.de, a proposed 
reference substance for :tlow calorimetry. Ex-
perimental and calculated heat capacity values are 
compared. 
OP 786. Wallace, J. J. Bureau of Mines Research 
in Hydraulic Coal Mining. Min. Congo J., v. 47, No. 
1, January 1961, PP. 52-54. After making a litera~ 
ture survey of hydraulic mining in Russia and 
New Zealand and observing the hydraulic mining 
of gilsonite, the Bureau of Mines deCided to deter-
mine if American coalbeds could be mined 
hydraulically. Experiments were conducted in 
the hard bituminous Pittsburgh coalbed in Indiana 
County, Pa. This article describes these tests; it 
covers such aspects as nozzle size, water pressure, 
and mining methods. 
OP 787. Wang, K. P. Coal Research and Tech-
niques in Oommunist Ohina. Ooal Age, V. 64, No. 
10, October 1959, pp. 110-112. Reviews brie:tly coal 
research and techniques in Oommunist China. High-
lights . developments to enable interested parties 
to study the problems mor,e thoroughly. 
OP 788. --. Mineral Wealth and Industrial 
Power: Communist Ohina's Boasts Begin to Come 
True. Min. Eng., v. 12, No.8, August 1960, pp. 
90;1-912. Indicates the industrial progress achieved 
on the Ohina mainland under the Communist regime. 
Discusses the country's mineral self-sufficiency, 
regional factors affecting mineral development, 
management of the mineral indllstry, and the pre-
sent level of mineral technology. Presents indi-
vidual reviews of the major sectors of Communist 
Ohina's mineral industry. 
OP 789. ---. Vast Expansion of. Aluminum-
Alumina Is Planned by Chinese Communists. Eng. 
arid Min. J., v. 160, No.7, July 1959, pp. 75-77, 123. 
Describes the growth of Oommunist China's alum-
inum industry since its resumption of operations in 
1954. Considers the nation's ore~processing pro-
cedures and its power resources. . Discusses the. 
country's leading aluminum plants and mentions 
smaller plants. 
OP 790. Ward, C. C. Physical and Chemical Char-
acteristics of Paraffin. Proc. 2d Ann. Paraffin Con-
trol Short Course, Univ. of Oklahoma, 1959, pp. 11-
15. Paraffin accumulates on the face of the produc-
ing sand, on the rods, and in the :tlow lines, thus 
restricting oil production. The crude paraffin 
deposits contain not orily wax but also crude oil, 
gums, resins, asphaltenes, water, sand, silt, and 
mineral salts. The most important constituent of 
crude paraffin is wax, which acts as a binder for 
the other materials. The properties of reflned wax 
and the effect of the other constituents on these 
properties is reviewed. Paraffin deposits can be 
controlled to some extent by maintaining a back 
pressure on the well and by keeping the face of the 
sand covered with oil. 
OP 791. Ward, C. C., and F. G. Schwartz. The 
Role of Sulfur and Nitrogen Compounds in the 
Storage and Utilization of Petroleum Products. 
Proc. API, v. 42, sec. 8, 1962, pp. 129-130. Shows 
that stUdies of fuel degradation reactions indicate 
that sulfur and nitrogen compounds promote fuel 
instability in storage. Additional research is 
needed to identify the types of sulfur compounds 
that are responsible and to identify the types of 
hydrocarbons with which they react. 
OP 793. Wasson, James A. The Application of Hy-
draulic Fracturing in the Recovery of Oil by 
Waterflooding: A Summary. Producers Monthly, 
v. 27, No.7, July 1963, pp. 12-15. Summarizes the 
results and conclusions reached by various inves~ 
tigators who have attempted to determine the ex-
tent to which hydraulic fracturing will affect the 
secondary recovery of crude oil by water:tlooding. 
Also discusses the most advantageous use of the 
well-stimulation method in water:tlood projects. 
OP 794. Watkins, J. Wade. Properties of Produced 
Waters. Ch. 21 in Petroleum Production Handbook. 
McGraw-Hill Book Co., Inc., New York, V. 11, 1962, 
pp. 21~1-to-21-20. Discusses the history and uses 
of water analyses; origin of interstitial waters; 
major, minor, and trace constituents of produced 
waters. Gives ranges of concentrations {If ions in 
waters from numerous oil-productive areas jn the 
Unites States, Canada, and Venezuela. 
OP 795. Watkins, J. Wade, F. E: Armstrong, and R. 
J. Heemstra. Feasibility of Radioactive Waste 
Disposal in Shallow Sedimentary Formations. Nu-
clear Sci. and Eng., v. 7, No.2, Feb:tuary 1960, pp. 
133-143. One of the pressing problems of the 
potential nuclear-power industry is the necessity 
for disposing of radioactive wastes incident to 
operating reactors and recovering fissionable ma-
terial from expended fuel elements The Bureau 
of Mines has made a detailed analysis of the feasi-
bility of solving this problem in areas where the 
geology permits by injecting liquid wastes into 
shallow, permeable, sedimentary rock formations. 
OP 796. Watkins, J. Wade, F. E. Armstrong, and 
W. D. Howell. Interwell Uses of Radioactive Iso· 
topes in Oilfield Exploitation. Proc. 2d Symp., on 
the Development of. Petrol. Res. of Asia and the 
Far East, EOAFE and Dept. of Interior Contribu-
tions to EOAFE, September 1962, pp. 238-270. Dis· 
cusses Bureau research on techniques and instru-
ments for radiotracer studies in petroleum research. 
Numerous substances, including krypton 85, tritium-
labeled isopropyl alcohol, and tritiated water, are 
evaluated for use in interwell systems. 
OP 797. Watson, Richard W., and Frank O. Gibson. 
Jets From Imploding Bubbles. Nature, V. 204, No. 
4965, Dec. 26, 1964. A hypothesis relating low-
velocity detonations in liquid explosives to fluid 
cavitation is discussed; a photographic study of 
liquid jets generated by collapsing bubbles sug-
gests micro-jetting as a probable initiation mechan-
ism. 
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OP 798. Weaver, H.P. Cause AnalYSis of Coal 
Mine Ignitions and Fires. Coal Age, v. 65, No. 12, 
December 1960, pp. 83-84; Safety Newsletter, Coal 
Mining SE'ction, ·National Safety Council, August 
1960, pp. 1-3. During the 8 years after passage of 
the Federal Coal Mine Safety Act, the Bureau of 
Mines investigated the fatal and nonfatal injuries 
resulting from gas and! or dust ignitions and under-
ground mine fires. The main causes of the ignitions 
in the order of their importance were electricity, 
sparks from cutting bits, explosives, open flame or 
smoking, flame safety lamps, and mine fires. The 
major portion of the fires were caused by electricity, 
friction heat from belts, spontaneous ignition, ex-
plosives, and surface fires that crept underground. 
OP 799. Weaver, Harry F. Ooal's Concern. Me-
chanization, v. 26, No. 10, October 1962, pp. 52-53. 
Discusses the causes of coal-mine fatalities in 1961 
and makes suggestions for preventing similar ac-
cidents. 
OP 800 .. ---. What's Up in Coal? Coal Age, v. 
67, No.7, July 1962, pp. 89-90. Discusses the rising 
fatality rate, based on man-hours of exposure. 
Leading causes of fatalities were falls of roof, elec-
tricity, machinery, and fires. 
OP 801. Wei, Anton W. T., and Edgar J. Gealy. 
Mainland China. Min. J. (London), Annual Re-
view 1964, pp. 245-247. Reviews the mineral in-
dustry of Oommunist China and the production of 
coal, petroleum, ferrous and nonferrous metals, 
cement, asbestos, fertilizers, and salt. 
OP 802. Weintraub, Murray. Chemical Engineering 
Aspects of Fluid Dynamics. Ind. and Eng. Chem., v. 
56, No.4, April 1964, pp. 43-48. Surveys the 
literature on :tluid dynamics with reference to 
single-phase flow, meters and controls, fixed beds, 
fluidized beds, two-fluid· phases, solid-fluid trans-
port, solid-fluid separation, and mechanical factors. 
OP 803. ---. Flow of Fluids. Ind. and Eng. 
Chem., v. 52, No.3, March 1960, pp. 257-261; v. 53, 
No.5, May 1961, pp.405-408. An annual review 
and bibliography of the literature of fluid dynamics. 
OP 804. --. The Practical Aspects of Fluid 
Mechanics. Ind. and Eng. Chem., AI!n; Rev. Supp., 
v. 54, 1962, pp. 120-123. Su_rveys recent publica-
tions in fluid dynamics. From the voluminous 
literature, more than 50 references are briefly 
collated as indicative of the most significant trends 
in the field. 
OP 805. Weintraub, Murray, S. A. Goldberg, and 
A. A. Orning. A Study of Sulfur Reactions in 
Furnace Deposits. J. Eng. Power, v. 83, October 
1961, pp. 444-450. An experimental study revealed 
several relationships between coal ash, flue-gas com-
position; and temperature, which may be related to 
the causes of fireside deposit formation. 
OP 806. Wellman, Paul, and Sidney Katell. How 
Pressure and Oxygen/Methane Ratio Affect Par-
tial Oxidation. Hydrocarbon Processing and Petrol. 
Ref., v. 43, No. 12, December 1964, pp. 106-108. De-
termining the product gas from the partial oxida-
tion of methane requires the simultaneous solution 
of the equilibrium equations and a thermal balance. 
The thermal balanced is based on the oxygen-to-
methane ratio, .the heats of reactions, and the spec-
ific heat of the product gases. A simplified solution 
involving a computer program is illustrated and the 
results presented graphically. 
OP 807. ---. How Pressure and Temperature 
Affect Steam-Methane Reforming. Hydrocarbon 
Process and Petrol. Refiner, v. 42, No.6, June 1963, 
pp. 135-138. Determining the product gases evolved 
during' the catalytic steam-methane reaction at 
various pressures, temperatures, and· steam-to-me-
thane ratios requires the simultaneous solutions 
of the equilibrium equations of the two controlling 
reactions. A simplified solution involving a com-
puter program is illustrated, and the results are 
presented graphically. 
OP 808. Wender, Irving. Review of "Organome-
tallic Chemistry," ed. by H~ Zeiss. J. Am. Chem. 
Soc., v. 83, 1961, p. 4111. Recommends the book for 
all. chemists and those interested in catalysis. Al-
though the book does not attempt to be comprehen-
sive, the treatment of the portio_n of organometallic 
chemistry covered is uniformly excellent. Gives 
over 1,700 references, including many published 
in 1960.' 
OP 809. Wenger, W. J., and J. S. Ball. Character-
istics of Crude Oils From Utah. Utah Geol. and 
Mineral. Surv. Bull. 54, January 1963, pp. 497-510. 
Summarizes analyses of 38 crude oils from Utah 
as determined by the Bureau of Mines method. 
Geological correlation with properties are described. 
OP 810. Westfleld, James. Succes;sful Accident 
Prevention Program for Bituminous Coal Mines. 
Part D. Bureau of Mines Accident Prevention 
Program. Proc. Mine Inspectors' Inst. of America, 
Terre Haute, Ind., 1959, pp. 50-53. Declares that 
the education of people in safety is one of the 
Federal Bureau of Mines primary roles. Considers 
the Bureau's direct contacts with the coal-mining 
industry in courses of instruction, inspections, in-
vestigations, demonstrations, and publications. 
Discusses first aid and mine rescue, accident-pre-
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vention education, visual aids, permissible equip-
ment, roof-control investigations, and mine ventila-
tion. 
OP 811. Westrum, Edgar F., Jr., and John P. Mc-
Cullough. Thermodynamics of Crystals. Ch. in 
Physics and Chemistry of the Organic Solid States, 
ed. by D. Fox, lVI. M. Labes, and A. Weissberger. 
Interscience Publishers, Inc., New York, 1963, 
pp. 1....:156. Summarizes the most salient of the 
theoretical and experimental developments in the 
thermodynamics of organic crystals. . 
OP 812. Wheeler, Henry P. Jr. Helium. Ency-
clopaedia of Chemical Technology, 2d Supplement 
v., Interscience Publishers, Inc., New York, 1960, 
pp. 454--159. Reveals the great recent increases in 
the production and consumptio:g. of helium. Ex-
plains the new uses that have been found and the 
new' problems that have been encountered. 
OP 812A. -.--. The Government's Helium Con-
servation Program and Its Impact on the Natural 
Gas Industry. J. Colloid Sci., vol .. 16, No.5. 
October 1961, pp. 493-496. The demand for helium 
in 1960 was almost six times greater than that of 
1950. The Government plans to offer industry 
long-term guaranteed purchase contracts for he-
lium extracted from fuel gases. Thus, the Gov-
ernment will acquire the same physical possession 
and control of the helium as would be obtained 
with Government plants. If' industry should be 
unwilling to build the necessary plants and sell .the 
helium to the Government at a reasonable price, 
the Government will build the plants. Regardless, 
the new helium plants contemplated will cost $175 
to $200 million. Up to 1,000 new jobs will become 
available, requiring skills and experiences found in 
the natural gas industry. The plants will require 
about 42,000 tons of steel, about 200,000 engine 
horsepower, and about 35,000 valves. 
OP 813. ---. Helium for T'omorrow. IEEE 
Trans. on Aerospace, v. AS-1, No.2, August 1963, 
pp. 1198-1202. Gives' a brief summary of the 
Bureau's work in helium production and outlines the 
helium-conservation program, which will assure 
an adequate supply of helium until the year 2000. 
OP 814. ---. NatUral Gas Industry's Stake 
Is Cited in Interior's Helium Conservation Policy. 
The Oil Daily, May 19, 1959, p. 22. Explains the 
helium-conservation policy announced by the De-
partment of the Interior in May 1958. Explain!'! 
the importance and probable f~ture of helium. 
OP 815. Whisman, M. L. Preparation of Tritium-
Labeled 1-Hexene and 1-0ctene. Anal. Chem., v. 
33, No.9, August 1964, pp. 1284-1285. Describes two 
techniques used by Bureau of Mines personnel to 
prepare tritium-labeled terminally bonded mono-
olefins. The first method is more efficient but less 
versatile, as it requires a specific starting material 
that may not be readily available. This procedure 
involves the saturation of one olefin bond in a ter-
minally bonded di-olefin with tritium. The sec-
ond method combines the Wilzbach exchange label-
ing with a simple organic synthesis. 
OP 816~ Whisman, Marvin L., and Barton H. Ec-
cleston. Gas-Exposure Labeling of Organics With 
Tritium. Nucleonics, v. 20, No.6, June 1962, pp. 
98-102. Reviews state of the art of gas-exposure 
tritium labeling, including original observations 
made by Wilzbach, modifications to the original 
procedure, and problems concerned with purifica-
tion of labeled materials. 
OP 816A. ---. Purification of Radioactive Or-
ganic Compounds: A Noncontaminating Gas Liquid 
Chromatographic System. Anal. Chem., v. 35, No. 
9, August 1963, pp. 1333-1334. Describes a unique 
and inexpensive modification to conventional gas-
liquid chromatographic apparatus that eliminates 
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costly decontamination procedures subsequent to 
pr.ocessing of organic materials labeled with low-
energy beta emitting radioisotopes. 
OP 817. Whisman, Marvin L., Barton H. Eccleston, 
and F. E. Armstrong. Liquid Scintillation Counting 
of Tritiated Organic Compounds. Anal. Chem., v. 
32, No.4, April 1960, pp. 484-486. The use ot 
tritium-tagged hydrocarbons in analytical research 
has made it necessary to evaluate some of the 
parameters involved in liquid scintillation-counting 
techniques. From these evaluations, a routine 
procedure for measuring the radioactivity of tri-
tiated organic compounds and the confidence limits 
of results has been established. This paper eval-
uates the more significant variables and sets forth 
the conditions and procedure adopted by the Bureau 
of Mines. 
OP 818. Whisman, Marvin L., B. H. Eccleston, F. G. 
Schwartz, C. S. Allbright, and C. C. Ward. The 
Preparation and Use of Tritiated Organic Com-
pounds for Tracers in Motor Gasoline Stability 
Studies. Trans. Am. Nuclear Soc., v. 8, No.1, June 
1960, p. 202. Describes a program designed to iden-
tify constituents of an unstable gasoline that react 
to form gum and to postulate and confirm reaction 
mechanisms that are involved. 
OP 819. Whisman, Marvin L., F. G. Schwartz, and 
Barton H. Eccleston. Susceptibility of Organic 
Compounds to Tritium.:.Exchange Labeling. Abs. in 
Vapor Pressure, v. 30, No.3, March 1960, p. 70. 
OP 820 .. Wilfong, Roy L., Louis P. Dominguez, and 
LeRoy R. Furlong. Thermogravimetric Analysis 
of Five Salts of Praseodymium, Neodymium, and 
Samarium. J. Am. Ceramic Soc., v. 47, No.5, May 
1964, pp. 240-241. Describes research to determine 
the mechanisms of the thermal decomposition of 
the ammonium sulfate, carbonate, nitrate, -oxalate, 
and sulfate salts of praseodymium, neodymium, and 
samarium. The pyrolytic sequences were identified, 
and the temperatures of formation of intermediates 
and of the sesquioxides were determined. 
OP 821. Williams, Fred A. Trailing Cables and 
Short-Circuit Protection. Mechanization, v. 27, No 
1, January 1963, pp. 59-61. Discusses the protec-
tion equipment that can lower the fire hazards 
resulting from shortt circuis i:Q. trailing c/:!-bles. 
·Op 822. Willmott, L. F. Forced Convection Heat-
ing-Its Application to Bituminous Coal-Water 
Slurries. Ind. Heating, v. 29, No.3, March 1962, pp. 
462-464, 466, 548. Describes a forced-convection 
heater for coal-water slurry designed by the Bureau 
for use in gasification research. 
OP 823. Winans, G. D. Air Does a Lot of Good 
iIi Uranium Mines. Saf~ty Newsletter, Mining 
Section of Nat. Safety Council, September 1960, 
pp. 1-2. Discusses some selected examples of mines 
where a small quantity of airflow reduced the 
concentration of radioactive contaminants. 
OP 824. Woleben, F. D., and J. B. Stepan. "Im-
pact" for Your Eye Protection Program. Proc. 
36th Annual Conf. Lake Superior Mines Safety 
Council, May 19-20, 1960,. Duluth, Minn., pp. 88-96. 
Reviews various methods of promoting an eye-pro-
tection program and suggested ways and means ot 
adding some "punch" or "impact" to eye-protec-
tion promotions. Discusses and demonstrates va-
rious specifications and tests for safety lenses and 
frames; that is, prismatic and refractive power 
of lens, strength of frames and lenses. and so forth. 
OP 825. Wolfhard, H. G., and A. E. Bruszak. The 
Passage of Explosions Through Narrow Cylindrical 
Channels. Combustion and Flame, v. 4, No.2, June 
1960, pp. 149-159. Deals with the mechanism by 
which explosions are transmitted through narrow 
cylindrical channels. Knowledge of this process is 
important for understanding flame traps and the 
flameproofing of electrical equipment in mines. 
OP 826. Wolfson, David E. Disc. of "Use of Coal 
Plasticity in Coke Plant Coal Blending," by W. G. 
Schulze and G. C. Sotho Proc. Blast Furnace, Coke 
Oven, and Raw Materials Comm., AIME, Chicago, 
Ill., April 4-6, 1960, v. 19, pp. 78-80. 
OP 827. Wolfson, D. E., G. W. Birge, and J. G. 
Walters. Relation of Properties of Coke Produced 
by BM-AGA and Industrial Method. Proc. Blast 
Furnace, Coke Oven, and Raw Materials Comm., 
AIME, 1961, v. 20, pp. 387-403. The properties of 
17 cokes produced by the BM-AGA and industrial 
methods were correlated. Since the capacity of 
the plants from which these samples were obtained 
is about 30 percent of the 1959 total for the United 
States, the data given are indicative of the chem-
ical and physical properties of the coal blends used 
to produce industrial cokes and the acceptaple 
chemical and physical properties of the resultant 
coke. Of the industrial cokes, 15 were produced 
in slot-type recovery ovens, 13 for blast furnace use, 
and 2 for foundry use. Two cokes were from 
beehive ovens. A high degree pf correlation was 
obtained between the strength indexes of the BY· 
AGA and industrial cokes. 
OP 828. Wong, M. M., R. E. Campbell, and D. H. 
Baker, Jr. Fused Salt Electrorefining of Beryl-
lium. J. Metals, v. 12, No. 10, October 1960, pp. 
786-788. Discusses experimental apparatus, pro-
cedure, and results of electrorefining beryllium in 
fused LiCI-KCl-BeCl2 baths. 
OP 829. Yarboro, Theodore L., Clarence Karr, Jr., 
and Patricia A. Estep. Preparation, Properties, 
and( Spectra of Eight Alkylated Indenes. J. Chem. 
Eng. Data, v. 6, No.3, July 1961, pp. 421-425. The 
properties and spectra of eight alkylated indenes, 
including tw-o not previously reported, are rep-
resented in order to aid in the separation and 
identification of alkyl aromatic hydrocarbons from 
the neutral oil of a low-temperature bituminous 
coal tar. The eight indenes were prepared and 
purified. Physical properties, including spectra, 
were determined. 
OP 830. Young, W. H., and R. L. Anderson. 1959 
Sales: Coal Mining and Cleaning EqUipment. Coal 
Age, v. 65, February 1960, pp. 94-96; Mining Congo 
J. v. 46, February 1960, pp. 122-125; Mechaniza-
tion, v. 24, February 1960, pp. 95-97. Sales of face 
equipment increased over those of 1958 but did not 
reach the 1956-57 level. In terms of capacity, jigs 
continued to rank first in preparation equipment 
sales, with two-thirds of all coal cleaning equip- . 
ment, sold in 1959 being for addition, to, or replace-
ment of, existing facilities. 
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OP 831. 1960 Sales: Coal-Mining and 
Cleaning EqUipment. Coal Age, v. 66, No.2, 
February 1961, PP. 84-86; Mechanization, v. 25; 
No.2, February 1961, pp. 63-65; Min. Cong., v. 47, 
No.2, February 1961, pp. 104-107. Sales of face 
equipment decreased 3 percent from th-ose of 1959, 
but pl"eparation equipment sales increased 35 per., 
cent. In capacity, dense medium ranked first in 
cleaning equipment sales; two-third of all prepara-
tion equipment sold in 1960 implemented or re-
placed existing facilities. 
OP 832. 1961 Sales: Coal Mining and 
Cleaning Equipment, Coal Age, v. 67, No.2, Feb-
ruary 1962, pp. 78-80.; Min. Congo J., v. 48, No.2, 
February 1962, pp. 136-139; Mechanization, v. 26, 
No.2, February 1962, pp. 55-57. Shipments of 
mechanical-loading equipment for underground use 
in all c-oal mines in the United States, in terms of 
capacity, decreased 14 percent in 1961 from 1960. 
The capacity of mechanical-cleaning equipment sold 
for use at bituminous coal mines also decreased 14 
percent during the same period. Sales of coal-
cleaning equipment, by type of equipment, in terms 
of eapacity, show that dense medium ranked first, 
followed by jigs, wet tables, pneumatic, and flota-
tion. 
OP 833. Young, W. H., and R. L. Anderson. 1962 
Sales: Coal Mining and Cleaning Equipment. Coal 
Age, v. 68, No.2, February 1963, pp. 84-85, 87; 
Mechanization, v. 27, No.2, February 1963, pp. 45-48; 
Min. Congo J., V. 49, No.2, February 1963, pp. 129-
132. Shipments of mechanical loading eqUipment 
for underground use in all coal mines of the United 
States, in terms of capaCity, increased 31 percent in 
1962. Capacity of mechanical cleaning equipment 
sold for use at bituminous coal mines dropped 3 per-
cent. Sales of coal-cleaning equipment, by type of 
equipment, in terms of capacity, show that dense 
medium ranked first, followed by pneumatic, wet 
tables, flotation, and jigs. 
OP 834. ---. 1963 Sales: Coal-Mining and Olean-
ing Equipment. Ooal Age, V. 69, No.2, February 
1964, pp. 86-88; Min. Congo J., V. 50, No.2, Feb-
ruary 1964, pp. 132-135; Mechanization, v. 28, No. 
2, February 1964, pp. 25-28; Ooal Min. and Pro-
cessing, V. 1, No.2, February 1964, pp. 28-31. Ship-
ments of mechanical loading equipment for under-
ground use in all coal· mines decreased 11 percent 
in 1963 from 1962. ·Oapacity of mechanical clean-
ing equipment sold for use at bituminous coal mines 
increased 16 percent. Production of bituminous 
coal and lignite increased from 422 million tons in 
1962 to an estimated 452 million tons in 1963. 
The percentage of total production produced by 
underground mines continued to decrease, while the 
percentage from strip and auger mines increased. 
OP 835. Thermal Drying of Ooal. Ooal 
Age, V. 64, June 1959; pp. 114-115. Presents a 
statistical study of the types of drying equipment 
used at bituminous-coal preparation plants and the 
tonnages and sizes handled. 
OP 836. Youngs, Roger W., and Olyde M. Frost. 
Humic Acids From Leonardite; Ai Soil Oonditioner 
and Organic Fertilizer. Proc. North Dakota Acad. 
ScL, V. 17, 1963, pp. 76-82. Presents a simple rapid 
method for the separation of humic acids from 
oxidized llgnitic coal. This consists of dissolving 
the humic acid in a solvent mixture composed of 
acetone-water-hydrochloric acid, separating the in-
soluble material by settling, and recovering the 
humic acids by distilling off the acetone.· The 
resulting product is very low in ash content. 
OP 837. Zabetakis, M. G. Hazards in the Handling 
of Oryogenic Fluids. Advan. Oryog. Eng., v. 8, 
1963, pp. 236-241. Reviews the factors to be con-
sidered in connection with the hazards that may 
be encountered in handling cryogenic fiuids, such 
as liquid helium, hydrogen, neon, nitrogen, carbon 
monoxide, fluorine, argon, oxygen, methane, and 
krypton. 
OP 838. Zaffarano, Richard F. A Review of Trans-
783-957--65----12 
Articles Published 
portation, Liquefaction, and Storage of Natural Gas 
in the United States. Proc. of 2d Symp. on the 
Development of the Petroleum Resources of Asia 
and the Far East, Sept. 1-15, 1962, Teheran, Iran, 
pp. 271-276. Discusses the development of the 
natural gas industry in the United States including 
advances made in the storage and liquefaction of 
natural gas. 
OP 839. Zahn, Oharles, Stanley H. Langer, Ber-
nard D. Blaustein, and Irving Wender. Optical 
Activity in Oils Derived From Ooal. Nature, v. 
200, Oct. 5, 1963, pp. 53-54. Optical activity 
in coal survives, at least in part, catalytic hydro-
genation at 8,000 psig and 450 0 to 525 0 C. The 
active materials isolated from the neutral oils 
likely are alkylsubstituted naphthenes and hydro-
aromatics. 
OP 84'0. Zaverl, Louis J. Are We Prepared? Safety 
Newsletter, Mining Section of Nat. Safety Oouncil, 
August 1960, pp. 2-3. Emphasizes the importance 
of first-aid training and the need for refresher 
courses to keep employees abreast with changes 
in recommended procedures. 
OP 841. Engineered Protection - Your 
Hard Hat. Nat. Safety Oouncil Safety Newsletter, 
Min. Sec., March 1962. Describes the construction 
of the protective hilt and how impact and penetra-
tion resistance are measured. 
OP 842. From Head Ooverings to Hard 
Hats. Nat. Safety CounCil, Safety Newsletter, Min. 
Sec., January 1962; Dock Safety Association Safety 
Digest, June 1962. Discusses the development of 
the protective head covering and the spread of the 
use of the hard hat to industries other than min-
ing. 
OP 843. -_. -. Lake Superior Mines Safety Ooun-
cil Produces Results. Skillings Min. Rev., v. 52, 
No. 21, May 25, 1963, pp. 6-7, 31. Gives brief 
historical account of mining in the Lake Superior 
region including the establishment of the Lake 
Superior Mines Safety Council. Structure. and 
achievements of the council· are discussed. 
OP 844. Wearing and Caring for Your 
Hard Hats. Nat. Safety Council, Safety Newsletter, 
Min. Sec., June 1962; Ind1.1strial Sections of the 
National Safety Council, Annual Newsletter, Decem-
ber 1962. Gives directions for wearing and caring· 
for the hard hat to derive the maximum protection 
that has been bunt into them. 
OP 845. Zellers, D. H. Developments in Methane 
Monitoring. Mechanization, V. 27, No.3, March 
1963, pp. 41-44. Discus'ses the problem of methane 
monitoring and describes the types of methane 
detection devices including the Bureau-developed 
monitoring device. 
OP 846. Zinner, Paul. The Noise Level of Science. 
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Am. Scientist, V. 51, No.3, September 1963, pp. 
236A-248A. Makes suggestions on ways to improve 
the quality of published technical llteratuTe, and 
to make existing or projected systems for com-
municating scientific information more effective. 
PATENTS 
The following p"atents were granted to the 
Bureau of Mines between January 1, 1960, and 
December 31, 1964. These processes, which 
can be used by any U.S. citizen or organ~zatton 
without royalty payment, upon authorIzatlOn 
by the Department of the Interior, were de-
veloped by Bureau scientists. Applications 
for the use of any of these patents should be 
made in writing to the Office of the Solicitor, 
U.S. Department of the Interior, Washington, 
D.C., 20240. 
P 1. A.bel, W. T., and D. M. Bailey. Prevention of 
Embrittlement of Metals. U.S. Pat. 8,149,006, Sept. 
15, 1964. 
P 2. Armstrong, F. E .. A Method of Tracing the 
Flow of Liquids by Use of Post Radioactivation 
of Tracer Substances. U.S. Pat. 8,002,091. Sept. 26, 
1961. 
P 8. Baker, D. H., Jr., and. V. E. Homme. Produc-
tion of High Purity Titanium by Metallic Sodium 
Reduction of Titanic Halide. U.S. Pat. 8,069,255, 
Dec. 18, 1962. 
P 4. Benson, H. E., and J. H. Field. Process for 
Manufacturing Mixtures of Hydrogen, Carbon Mon-
oxide and Methane. U.S. Pat. 3,031,287, Apr. 24, 
1962. 
P 5. Bienstock, Daniel, and J. H. Field. Process 
for the Removal of Sulfur Oxides from Flue Gases. 
U.S. Pat. 2,992,884, July 18, 1961. 
P 6. ---. Process for Removing Sulfur Dioxide 
From Gases. U.S. Pat. 3,150,923, Sept. 29, 1964. 
P 7. Bowie, Walter S. High Temperature Elec-
trostatic"Precipitator. U.S. Pat. 8,054,243, Sept. 18, 
1962. 
P 8. Brandt, L. W., L. Stroud, and W. M. Deaton. 
Apparatus for Studying Phase Relationships of 
Gases and Gas Mixtures. U.S. Pat. 3,027,750, Apr. 
3, 1962. 
P 9. Browning, J. S., and B. H. Clemmons. Separa-
tion of Spodumene and Beryl by Flotation. U.S. 
Pat. 3,028,008, Apr. 3, 1962. 
P 10. Burner, E. L. Method and Apparatus for 
Rate of Pressure Change. U.S. Pat. 3,054,295, Sept. 
18, 1962. 
P 11. Cotter, Perry G., and Ralph A. Potter. A 
Method for Producing Zirconium DibOride.· U.S. 
Pat. 3,088,805, May 7, 1968. 
p. 12. Dean, K. C. Flotation Process for Concen-
tration of Pollucite Ores. U.S. Pat. 3,107,215, Oct. 
15,1968. 
P 13. Dieter, W. E., P. L. Golden, and S. Nazaruk. 
Closure for Evacuated and/or Pressurized Vessel. 
U.S. Pat 3,045,861, July 24, 1962. 
P 14. Dunning, H. N., and C. J. Walker. Method 
for Removal of Liquid and Solid Materials From 
Gas-Well Bores. U.S. Pat. 3,073,387, Jan. 15, 1963. 
P 15, Feld, I. L., and B. H. Clemmons. Process 
f.or Wet Grinding Solids to Extreme Fineness. U.S. 
Pat. 3,075,710, Jan. 29, 1963. 
P 16. Fleck, D. C., and M. M. Wong. Electrolytic 
Method for Extracting the Chromium Values From 
Chromium Oxide Bearing Ores. U.S. Pat. 8,126,327, 
Mar. 24, 1964. 
P 17. Fraas, Foster. Electrical Pretreatment of 
Minerals for Electrostatic Separation. U.S. Pat. 
3,137,648, June 16, 1964. 
P 18. ---. Electrostatic Separator Carrier Elec-
trode. U.S. Pat. 3,012,668, Dec. 12, 1961. 
P 19. Graf, E. G., and N. Howard. Gravity-Fed 
Combusti.on Equipment Applying Crossfeed Ignition 
Principle. U.S. Pat. 2,996,292, Aug. 15, 1961. 
P 20. Hatch, R. A., and H. R. Shell. Recrystallizing 
a Reconstituted Fluorine Mica Sheet. U.S. Pat. 
3,008,802, Nov. 14, 1961. 
P 21. Havens, Richard. Flotation Process for 
Concentration of Phenacite and Bertrandite. U.S. 
Pat. 3,078,997, Feb. 26, 1963. 
P 22. Henrie, T. :A., H. Dolezal, and E. K. Kleespies. 
Magnesium Reduction of Titanium Oxides in a 
Hydrogen· Atmosphere. U.S. Pat. 3,140,170, July 7," 
1964. 
P 23. Hofer, L. J. E., and R. E. Anderson. Method 
of Treating Exhaust Gases With Urania-Contain-
ing Catalysts. U.S. Pat. 3,140,148, July 7, 1964. 
P 24. Homme, V. E. A Method for Reacting Titanic 
Chloride With an Alkali Metal To Produce a Tita-
nium-Lower Chlorine-Sodium Chloride Melt. U.S. 
Pat .. 3,113,017, Dec. 3, 1963. 
P 25. James, R. S., and J. J. Seman. Permissible 
Photoflash Unit. U.S. Pat. 2,983,810, May 9, 1961. 
P 26. Lindstrom, R. Et, and J. O. Winget. Process 
f.or Recovering Ethylenediamine-Tetracetic Acid 
(EDTA) from Copper-BDTA-Ion Exchange Effluent 
Solutions. U.S. Pat. 3,138,637, June 23, 1964. 
P 27. Panek, L. A., and J. A. Stock. Pressure Con-
trol Mechanism. U.S. Pat. 3,108,532, Oct. 3'0, 1963. 
P 28. Parsons, E. W. Rock Bolt Anchored by 
Explosive . Forming. U.S. Pat. 3,148,577, Sept. 15, 
1964. 
P 29. Phillips, W. A. Vacuum-Tight Ball Joint for 
Controlling Electr.ode in Vacuum-Arc Furnaces. U.S. 
Pat. 3,02~,188, Apr. 8, 1962. 
P 30.Prasky, Charles, and W. S. Swanson. A 
Multiple Compartment Rotary Drum for the Leach-
ing of Cres or Related Products in a Continuous 
Counter-Current System. U.S. Pat. 3,005,690, Oct. 
24, 1961. 
P 31. Rampacek, Carl. Improved Method for Seg-
regating Copper Ores. U.S. Pat. 3,148,974, Sept. 
15. 1964. 
P 32. Schlain, D .. , and C. B. Kenahan. Activation 
of Inert .or Passive Metals. U .. S. Pat. 3,117,000, 
Jan. 7, 1964. 
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P 33. Shell, H. R. Fluormica-Fluoramphibole 
Ceramics and Processes of Making Same. U.S. 
Pat. 3,054,685, Sept. 18, 1962. 
P 34. Shell, H. R. Impact-Resistant Ceramics from 
Synthetic Fluoramphiboles and ProcesseR of Mak-
, ing Same. U.S. Pat. 2,948,629, Aug. 9, 1960. 
P 35. Shell, H. R., and J. E. Comeforo. An Impact 
Resistant Ceramic Dielectric and Method of Making 
Same. U.S. Pat. 2,934,443, April 26, 1960. 
P 36. Shell, H. R., and N. A. Pace. Progressive 
Melting and Crystallization of Synthetic Mica. 
U.S. Pat. 3,154,381, Oct. 27, 1964. 
P 37. Spendlove, M. J., a.nd H. S. Caldwell, Jr. 
Process and Apparatus for Selective Condensation 
of Metal Vapors. U.S. Pa.t. 3,136,627, June 9, 1964. 
P 38. Sullivan, P. M., and D. H. Chambers. Ver-
tical Amalgam Electrode. U.S. Pat. 3,046,215, July 
24,1962. 
P 39. Wender, Irving, and Milton Orchin. Reduc-
tion of the Thiophene Nucleus. U.S. Pat. 3,002,002, 
Sept. 26, 1961. 
P 40. Wong, M. M., and E. K. Kleespies. A Method 
Patents 
for Reduction of Refractory Metal Oxide to Metal 
by Calcium Carbide. U.S. Pat 3,016,296, Jan. 9, 
1962. 
P 41. Zadra, J. B., and J. M. Gomez. Method for 
Separ.ating Molybdenum From Tungsten by Elec-
trolysis from a Fused Phosphate or Borate Bath. 
U.S. Pat. 3,075,900, Jan. 29,1963. 
P 42 .. Zadra, J. B., H. J. Heinen, and J. M. Gomes. 
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Method for Electrowinning Molybdenum From Mol· 
ten Electrolytes. U.S. Pat. 3,071,523, Jan. 1, 1963. 
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